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(57) ABSTRACT 

An exemplary method for reading data stored in a flash 
memory includes: controlling the flash memory to perform a 
plurality of read operations upon each of a plurality of 
memory cells included in the flash memory; obtaining a plu 
rality of bit sequences read from the memory cells, respec 
tively, wherein the read operations read bits of a predeter 
mined bit order from each of the memory cells as one of the bit 
sequences by utilizing different control gate Voltage settings; 
and determining readout information of the memory cells 
according to binary digit distribution characteristics of the bit 
Sequences. 
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METHOD AND MEMORY CONTROLLER 
FOR READING DATA STORED IN FLASH 
MEMORY BY REFERRING TO BINARY 
DGT DISTRIBUTION CHARACTERISTICS 
OF BITSEQUENCES READ FROM FLASH 

MEMORY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. provi 
sional application No. 61/420,336 (filed on Dec. 7, 2010) and 
U.S. provisional application No. 61/441,635 (filed on Feb. 10, 
2011). The entire content of the related applications is incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The disclosed embodiments of the present invention 
relate to reading data stored in a flash memory, and more 
particularly, to a method and memory controller for reading 
data stored in a flash memory by referring to binary digit 
distribution characteristics of bit sequences read from 
memory cells of the flash memory. 
0004 2. Description of the Prior Art 
0005 Flash memory can be electrically erased and pro 
grammed for data storage. It is widely used in memory cards, 
Solid-state drives, portable multimedia players, etc. As the 
flash memory is a non-volatile memory, no power is needed to 
maintain the information stored in the flash memory. Besides, 
the flash memory offers fast read access and better shock 
resistance. These characteristics explain the popularity of the 
flash memory. 
0006. The flash memories may be categorized into NOR 
type flash memories and NAND-type flash memories. 
Regarding the NAND flash memory, it has reduced erasing 
and programming time and requires less chip area per cell, 
thus allowing greater storage density and lower cost per bit 
than the NOR flash memory. In general, the flash memory 
stores data in an array of memory cells made from floating 
gate transistors. Each memory cell can store one bit of infor 
mation or more than one bit of information by adequately 
controlling the number of electrical charge on its floating gate 
to configure the threshold Voltage required for turning on the 
memory cell made of a floating-gate transistor. In this way, 
when one or more predetermined control gate Voltages are 
applied to a control gate of the floating-gate transistor, the 
conductive status of the floating-gate transistor would indi 
cate the binary digit(s) stored by the floating-gate transistor. 
0007. However, due to certain factors, the number of elec 

trical charge originally stored on one flash memory cell may 
be affected/disturbed. For example, the interference pre 
sented in the flash memory may be originated from write 
(program) disturbance, read disturbance, and/or retention dis 
turbance. Taking a NAND flash memory including memory 
cells each storing more than one bit of information for 
example, one physical page includes multiple logical pages, 
and each of the logical pages is read by using one or more 
control gate Voltages. For instance, regarding one flash 
memory cell which is configured to store three bits of infor 
mation, the flash memory cell may have one of eight possible 
states (i.e., electrical charge levels) corresponding to different 
electrical charge amounts (i.e., different threshold Voltages), 
respectively. However, due to the increase of the program/ 
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erase (P/E) count and/or the retention time, the threshold 
Voltage distribution of memory cells in the flash memory may 
be changed. Thus, using original control gate Voltage setting 
(i.e., threshold voltage setting) to read the stored bits from the 
memory cell may fail to obtain the correct stored information 
due to the changed threshold voltage distribution. 

SUMMARY OF THE INVENTION 

0008. In accordance with exemplary embodiments of the 
present invention, a method and memory controller for read 
ing data stored in a flash memory by referring to binary digit 
distribution characteristics of bit sequences read from 
memory cells of the flash memory are proposed to solve the 
above-mentioned problem. 
0009. According to a first aspect of the present invention, 
an exemplary method for reading data stored in a flash 
memory is disclosed. The exemplary method includes: con 
trolling the flash memory to perform a plurality of read opera 
tions upon each of a plurality of memory cells included in the 
flash memory; obtaining a plurality of bit sequences read 
from the memory cells, respectively, wherein the read opera 
tions read bits of a predetermined bit order from each of the 
memory cells as one of the bit sequences by utilizing different 
control gate Voltage settings; and determining readout infor 
mation of the memory cells according to binary digit distri 
bution characteristics of the bit sequences. 
0010. According to a second aspect of the present inven 
tion, an exemplary memory controller for reading data stored 
in a flash memory is disclosed. The exemplary memory con 
troller includes a receiving circuit and a control logic. The 
receiving circuit is arranged for obtaining a plurality of bit 
sequences read from a plurality of memory cells included in 
the flash memory. The control logic is coupled to the receiv 
ing circuit, and arranged for controlling the flash memory to 
perform the read operations upon each of the memory cells, 
and determining readout information of the memory cells 
according to binary digit distribution characteristics of the bit 
sequences, wherein the read operations read bits of a prede 
termined bit order from each of the memory cells as one of the 
bit sequences by utilizing different control gate Voltage set 
tings. 
0011. These and other objectives of the present invention 
will no doubt become obvious to those of ordinary skill in the 
art after reading the following detailed description of the 
preferred embodiment that is illustrated in the various figures 
and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a diagram illustrating a memory system 
according to a first exemplary embodiment of the present 
invention. 
0013 FIG. 2 is a diagram illustrating a first exemplary 
threshold Voltage distribution of a target physical page to be 
read. 
0014 FIG. 3 is a diagram illustrating a second exemplary 
threshold Voltage distribution of the target physical page to be 
read. 
0015 FIG. 4 is a diagram illustrating an exemplary LSB 
reading operation of reading a soft bit (i.e., a soft information 
value) from a memory cell of the flash memory. 
0016 FIG. 5 is a diagram illustrating a mapping operation 
performed by the determining unit shown in FIG. 1 for deter 
mining updated specific bit sequences. 
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0017 FIG. 6 is a diagram illustrating an exemplary CSB 
reading operation of reading a soft bit (i.e., a soft information 
value) from a memory cell of the flash memory. 
0018 FIG. 7 is a diagram illustrating an exemplary MSB 
reading operation of reading a soft bit (i.e., a soft information 
value) from a memory cell of the flash memory. 
0019 FIG. 8 is a diagram illustrating another exemplary 
CSB reading operation of reading a soft bit (i.e., a soft infor 
mation value) from a memory cell of the flash memory. 
0020 FIG. 9 is a diagram illustrating a memory system 
according to a second exemplary embodiment of the present 
invention. 

0021 FIG. 10 is a diagram illustrating the adjustment 
made to the control gate Voltage used for reading LSB data 
according to a first embodiment of the present invention. 
0022 FIG. 11 is a diagram illustrating the operation of 
determining a shifting direction of the control gate Voltage for 
finding a better control gate Voltage used for reading LSB data 
according to a first embodiment of the present invention. 
0023 FIG. 12 is a diagram illustrating the adjustment 
made to the control gate Voltage used for reading LSB data 
according to a second embodiment of the present invention. 
0024 FIG. 13 is a diagram illustrating the operation of 
determining a shifting direction of the control gate Voltage for 
finding a better control gate Voltage used for reading LSB data 
according to a second embodiment of the present invention. 
0025 FIG. 14 is a diagram illustrating the adjustment 
made to one of the control gate Voltages used for reading CSB 
data according to an embodiment of the present invention. 
0026 FIG. 15 is a diagram illustrating the adjustment 
made to the other of the control gate Voltages used for reading 
CSB data according to an embodiment of the present inven 
tion. 

0027 FIG. 16 is a diagram illustrating the adjustment 
made to both control gate Voltages used for reading CSB data 
according to an embodiment of the present invention. 
0028 FIG. 17 is a diagram illustrating the operation of 
determining shifting directions of the control gate Voltages 
for finding better control gate voltages used for reading CSB 
data according to an embodiment of the present invention. 
0029 FIG. 18 is a diagram illustrating the adjustment 
made to one of the control gate Voltages used for reading 
MSB data according to an embodiment of the present inven 
tion. 

0030 FIG. 19 is a diagram illustrating the adjustment 
made to another of the control gate Voltages used for reading 
MSB data according to an embodiment of the present inven 
tion. 

0031 FIG. 20 is a diagram illustrating the adjustment 
made to yet another of the control gate Voltages used for 
reading MSB data according to an embodiment of the present 
invention. 
0032 FIG. 21 is a diagram illustrating the adjustment 
made to a remaining one of the control gate Voltages used for 
reading MSB data according to an embodiment of the present 
invention. 

0033 FIG. 22 is a diagram illustrating the adjustment 
made to two of the control gate Voltages used for reading 
MSB data according to an embodiment of the present inven 
tion. 
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0034 FIG. 23 is a diagram illustrating the adjustment 
made to the other two of the control gate voltages used for 
reading MSB data according to an embodiment of the present 
invention. 

DETAILED DESCRIPTION 

0035 Certain terms are used throughout the description 
and following claims to refer to particular components. As 
one skilled in the art will appreciate, manufacturers may refer 
to a component by different names. This document does not 
intend to distinguish between components that differ in name 
but not function. In the following description and in the 
claims, the terms “include and “comprise are used in an 
open-ended fashion, and thus should be interpreted to mean 
“include, but not limited to . . . . Also, the term “couple' is 
intended to mean either an indirect or direct electrical con 
nection. Accordingly, if one device is coupled to another 
device, that connection may be through a direct electrical 
connection, or through an indirect electrical connection via 
other devices and connections. 
0036. The generalized conception of the present invention 

is to read data stored in a flash memory by controlling the 
flash memory to perform a plurality of read operations upon 
each of a plurality of memory cells included in the flash 
memory (it should be noted that the read operations read bits 
of a predetermined bit order from each of the memory cells as 
one of the bit sequences by utilizing different control gate 
Voltage settings), obtaining a plurality of bit sequences read 
from the memory cells, respectively, and determining readout 
information of the memory cells according to binary digit 
distribution characteristics of the bit sequences. Further 
details are described as follows. 
0037 Please note that the threshold voltage distribution 
illustrated in the accompanying figures and values of the 
control gate Voltages mentioned hereinafter are for illustra 
tive purposes only, and are not meant to be limitations of the 
present invention. Besides, for simplicity and clarity, reading 
multiple bits stored by memory cells of one physical page in 
a NAND-type flash memory is taken as an example for illus 
trating technical features of the present invention. However, 
no matter whether the flash memory is a NAND-type flash 
memory or a flash memory of other type (e.g., a NOR-type 
flash memory), the spirit of the present invention is obeyed as 
long as binary digit distribution characteristics of bit 
sequences read from memory cells are used for determining 
readout information of the memory cells. 
0038 Please refer to FIG. 1, which is a diagram illustrat 
ing a memory system according to a first exemplary embodi 
ment of the present invention. The exemplary memory system 
100 includes a flash memory 102 and a memory controller 
104. In this exemplary embodiment, the flash memory 102 
may be a NAND-type flash memory including a plurality of 
physical pages P 0, P 1, P 2, ..., P N, wherein each of the 
physical pages P 0-P N includes a plurality of memory cells 
(e.g., floating-gate transistors) 103. For example, as to a target 
physical page P 0 to be read, it has memory cells M 0-M K 
included therein. To read the data stored in the memory cells 
M 0-M K of the target physical page P 0, the control gate 
voltages VG 0-VG N should be properly set. For example, 
the control gate voltages VG 1-VG N should be properly set 
to ensure that all of the memory cells (floating-gate transis 
tors) 103 of the physical pages P 1-P N are conductive. In a 
case where each of the memory cell 103 is configured to store 
N bits (e.g., three bits including a least significant bit (LSB), 
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a central significant bit (CSB), and a most significant bit 
(MSB)), the flash memory 102 sets the control gate voltage 
VG 0 to (2Y-1) voltage levels for identifying all of the N bits 
of each memory cell 103 of the target physical page P 0. 
0039) Please refer to FIG. 2, which is a diagram illustrat 
ing a first exemplary threshold voltage distribution of the 
physical page P 0 to be read. The memory cells M 0-M Kof 
the physical page P 0 may include memory cells with float 
ing gates programmed to have an electrical charge level L0 
(i.e., (MSB, CSB, LSB)=(1,1,1)), memory cells with floating 
gates programmed to have an electrical charge level L 1 (i.e., 
(MSB, CSB, LSB)=(0, 1, 1)), memory cells with floating 
gates programmed to have an electrical charge level L2 (i.e., 
(MSB, CSB, LSB)=(0, 0, 1)), memory cells with floating 
gates programmed to have an electrical charge level L3 (i.e., 
(MSB, CSB, LSB)=(1, 0, 1)), memory cells with floating 
gates programmed to have an electrical level L4 (i.e., (MSB, 
CSB, LSB)=(1, 0, 0)), memory cells with floating gates pro 
grammed to have an electrical level L5 (i.e., (MSB, CSB, 
LSB)=(0, 0, 0)), memory cells with floating gates pro 
grammed to have an electrical charge level L6 (i.e., (MSB, 
CSB, LSB)=(0, 1, 0)), and memory cells with floating gates 
programmed to have an electrical charge level L7 (i.e., (MSB, 
CSB, LSB)=(1, 1, 0)). 
0040. To identify LSBs of the memory cells M 0-M K, 
the flash memory 102 sets the control gate voltage VG 0 by 
the threshold voltage VT 4 shown in FIG. 2. Next, the con 
ductive state of each memory cell of the target physical page 
P 0 indicates whether the memory cell has an LSB being “0” 
or “1”. In this exemplary embodiment, when a memory cell of 
the physical page P 0 is turned on by the threshold voltage 
VT 4 applied to its control gate, the flash memory 102 will 
output one binary digit “1” representative of the LSB; other 
wise, the flash memory 102 will output the other binary digit 
“0” representative of the LSB. 
0041) To identify CSBs of the memory cells M 0-M K, 
the flash memory 102 sets the control gate voltage VG 0 by 
the threshold voltages VT 2 and VT 6 shown in FIG. 2, 
respectively. Similarly, the conductive state of each memory 
cell of the target physical page P 0 indicates whether the 
memory cell 103 has a CSB being “0” or “1”. In this exem 
plary embodiment, when the memory cell is turned on by any 
of the threshold voltages VT 2 and VT 6 applied to its con 
trol gate, the flash memory 102 will output the binary digit “1” 
representative of the CSB; when the memory cell is not turned 
on by the threshold voltage VT 2 applied to its control gate 
and is turned on by the other threshold voltage VT 6 applied 
to its control gate, the flash memory 102 will output the binary 
digit “O'” representative of the CSB; and when the memory 
cell is neither turned on by the threshold voltage VT 2 
applied to its control gate nor turned on by the other threshold 
Voltage VT 6 applied to its control gate, the flash memory 
102 will output the binary digit “1” representative of the CSB. 
0042. To identify MSBs of the memory cells M 0-M K, 
the flash memory 102 sets the control gate voltage VG 0 by 
the threshold voltages VT 1, VT 3, VT 5, and VT 7 shown 
in FIG. 2, respectively. Similarly, the conductive state of each 
memory cell of the target physical page P 0 indicates whether 
the memory cell has an MSB being “0” or “1”. In this exem 
plary embodiment, when the memory cell is turned on by any 
of the threshold voltages VT 1, VT 3, VT 5, and VT 7 
applied to its control gate, the flash memory 102 will output 
the binary digit “1” representative of the MSB; when the 
memory cell is not turned on by the threshold voltage VT 1 
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applied to its control gate and is turned on by any of the 
threshold voltages VT 3, VT 5, and VT 7 applied to its 
control gate, the flash memory 102 will output the binary digit 
“0” representative of the MSB; when the memory cell is not 
turned on by any of the threshold voltages VT 1 and VT 3 
applied to its control gate and is turned on by any of the 
threshold voltages VT 5 and VT 7 applied to its control gate, 
the flash memory 102 will output the binary digit “1” repre 
sentative of the MSB; when the memory cell is not turned on 
by any of the threshold voltages VT 1, VT 3, and VT 5 
applied to its control gate and is turned on by the threshold 
voltage VT 7 applied to its control gate, the flash memory 
102 will output the binary digit “O'” representative of the 
MSB; and when the memory cell is not turned on by any of the 
threshold voltages VT 1, VT 3, VT 5, and VT 7 applied to 
its control gate, the flash memory 102 will output the binary 
digit “1” representative of the MSB; 
0043. However, the threshold voltage distribution shown 
in FIG. 2 may be changed to become another threshold volt 
age distribution die to certain factors such as the increase of 
the P/E count and/or the retention time. For example, the 
lobe-shaped distribution corresponding to each electrical 
charge level may be widened and/or shifted. Please refer to 
FIG. 3, which is a diagram illustrating a second exemplary 
threshold voltage distribution of the physical page P 0 to be 
read. As can be seen from FIG. 3, the threshold voltage 
distribution is different from that shown in FIG. 2. Setting the 
control gate voltage VG 0 by the aforementioned threshold 
voltages VT 1-VT 7 may fail to obtain the correct LSBs, 
CSBs, and MSBs of the memory cells M 0-M K of the target 
physical page P 0. Specifically, when the memory cells M 0 
M. Khave the threshold voltage distribution shown in FIG.3, 
new threshold voltages VT 1'-VT 7" should be used for 
obtaining the stored information correctly. As a result, an 
error correction code (ECC) operation performed upon the 
codeword read from memory cells M 0-M K may fail due to 
uncorrectable errors presented in the codeword. In this exem 
plary embodiment, the memory controller 104 is devised to 
adaptively track the threshold voltage distribution for reduc 
ing/eliminating uncorrectable errors presented in the code 
word read from memory cells of the physical page. 
0044 Please refer to FIG. 1 again. The memory controller 
104 is implemented to control access (read/write) of the flash 
memory 102, and includes, but is not limited to, a control 
logic 106 having a control unit 112, a determining unit 114, 
and an identifying unit 116 included therein, a receiving 
circuit 108, and an ECC circuit 110. Please note that only the 
elements pertinent to the technical features of the present 
invention are shown in FIG.1. That is, the memory controller 
104 may include additional elements to support other func 
tionality. Generally, when receiving a read request for data 
stored in the memory cells M 0-M K of the target physical 
page P 0, the control logic 106 is operative for controlling the 
flash memory 102 to read requested data. Next, when the flash 
memory 102 successfully identifies all bits stored in each of 
the memory cells M 0-M K, the readout information which 
includes identified bits of the memory cells M 0-M K is 
received by the receiving circuit 108. As shown in FIG. 1, the 
receiving circuit 108 has a storage device (e.g., a memory 
device) 118 acting as a data buffer for temporarily storing the 
readout information generated from the flash memory 102. As 
known to those skilled in the art, part of the memory cells 103 
of one physical page is utilized for storing ECC information 
(e.g., an ECC code). Thus, the ECC circuit 110 is operative to 
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perform an ECC operation upon the readout information 
(e.g., a codeword) read from the physical page. In this exem 
plary embodiment, the ECC circuit 110 includes an ECC 
detector 120 and an ECC corrector 122. The ECC detector 
120 is implemented for checking the correctness of the read 
out information, thereby detecting the existence of any error 
bits. When notified by the ECC detector 120, the ECC cor 
rector 122 is operative for correcting error bits found in the 
checked readout information. However, when the number of 
errorbits existing in the readout information exceeds a maxi 
mum number of error bits that can be corrected by the ECC 
corrector 122, the ECC corrector 122 indicates that the read 
out information includes uncorrectable error bits. Thus, the 
control logic 106 will enable the threshold voltage distribu 
tion tracking mechanism proposed in the present invention to 
determine the readout information which can pass the ECC 
parity check performed by the ECC circuit 110. Details are 
described as below. 

0045. In this exemplary embodiment, the ECC circuit 110 
may be implemented by a low density parity-check (LDPC) 
decoder. The control logic 106 controls the flash memory 102 
to provide soft information to be decoded by the LDPC 
decoder. In other words, the aforementioned readout infor 
mation generated from reading the memory cells M 0-M K 
is soft information. Therefore, under the control of the control 
logic 106, the flash memory 102 outputs multiple binary 
digits to serve as one soft bit read from each of the memory 
cells M 0-M K. Specifically, the control logic 106 is 
arranged for controlling the flash memory 102 to perform a 
plurality of read operations (e.g., seven read operations) upon 
each of the memory cells M 0-M K of the target physical 
page P 0 when reading LSB data, CSB data, or MSB data. 
Please note that each read operation performed upon the 
memory cell may utilize a control gate Voltage setting includ 
ing one or more control gate Voltages applied to a control gate 
of the memory cell; in addition, different read operations may 
utilize different control gate Voltage settings. For example, a 
read operation for LSB data utilizes a gate Voltage setting 
including one control gate Voltage, a read operation for CSB 
data utilizes a gate Voltage setting including two control gate 
Voltages, and a read operation for MSB data utilizes a gate 
Voltage setting including four control gate Voltages. The 
receiving circuit 108 is coupled to the control logic 106, and 
arranged for obtaining a plurality of bit sequences BS 0. 
BS 1. . . . . BS K read from the memory cells M 0-M K. 
respectively, wherein the read operations read bits of a pre 
determined bit order (e.g., LSBs, CSBs, or MSBs) from each 
of the memory cells M 0-M K as one of the bit sequences by 
utilizing different control gate Voltage settings, and the bit 
sequences BS 0-BS K may be buffered in the storage device 
118 of the receiving circuit 108 for further processing. 
0046 Please refer to FIG. 4, which is a diagram illustrat 
ing an exemplary LSB reading operation of reading a soft bit 
(i.e., a soft information value) from a memory cell of the flash 
memory 102. In accordance with the exemplary threshold 
voltage distributions shown in FIG. 2 and FIG. 3, a memory 
cell with any of the electrical charge levels L0-L3 would store 
LSB-1, and a memory cell with any of the electrical charge 
levels L4-L7 would store LSB-0. In this exemplary embodi 
ment, the control unit 112 determines an initial control gate 
Voltage V, and a Voltage spacing D, and then controls the 
flash memory 102 to perform seven read operations upon 
each of the memory cells M 0-M K. Based on the voltage 
adjusting order OD1, the flash memory 102 sets the control 

Jun. 7, 2012 

gate Voltage VG 0 by Vs. Vis--D, Visi-D, Vs--2D, 
V-2D, V,+3D, V, -3D, sequentially. Therefore, each 
of the bit sequences BS 0-BS M would have seven binary 
digits sequentially obtained due to the applied control gate 
Voltages Visa, Visa-i-D, V, s-D, V, sa+2D. Visa-2D, V, sa+ 
3D and V, -3D. Please note that each of the bit sequences 
BS 0-BS M acts as a soft bit representative of the soft infor 
mation read from a memory cell, and the binary digit obtained 
due to the initial control gate Voltage Vs may serve as a sign 
bit (i.e., a hard bit value). 
0047. In this exemplary embodiment, each bit sequence 
may have one of eight possible binary digit combinations 
BS1-BS8. When the electrical charge currently stored on the 
floating gate of the memory cell makes the threshold Voltage 
of the memory cell higher than V,+3D, the bit sequence 
read from the memory cell would have the binary digit com 
bination BS8="0000000. When the electrical charge cur 
rently stored on the floating gate of the memory cell makes the 
threshold Voltage of the memory cell located between Vs.-- 
2D and Vs-3D, the bit sequence read from the memory cell 
would have the binary digit combination BS7="0000010”. 
When the electrical charge currently stored on the floating 
gate of the memory cell makes the threshold voltage of the 
memory cell located between V,+D and V+2D, the bit 
sequence read from the memory cell would have the binary 
digit combination BS6="0001010. When the electrical 
charge currently stored on the floating gate of the memory cell 
makes the threshold voltage of the memory cell located 
between Vs. and V-D, the bit sequence read from the 
memory cell would have the binary digit combination 
BS5="0101010”. When the electrical charge currently stored 
on the floating gate of the memory cell makes the threshold 
voltage of the memory cell lower than V-3D, the bit 
sequence read from the memory cell would have the binary 
digit combination BS1="1111111”. When the electrical 
charge currently stored on the floating gate of the memory cell 
makes the threshold voltage of the memory cell located 
between V-2D and Vs-3D, the bit sequence read from 
the memory cell would have the binary digit combination 
BS2="1111110. When the electrical charge currently stored 
on the floating gate of the memory cell makes the threshold 
Voltage of the memory cell located between Vs-D and 
V-2D, the bit sequence read from the memory cell would 
have the binary digit combination BS3="1111010”. When 
the electrical charge currently stored on the floating gate of 
the memory cell makes the threshold voltage of the memory 
cell located between Vs. and Visi-D, the bit sequence read 
from the memory cell would have the binary digit combina 
tion BS4="1101010. 

0048. When all of the binary digits included in a bit 
sequence are 1's this means that the corresponding memory 
cell has the electrical charge level L0, L1, L2, or L3, and the 
reliability of LSB-1 may be high. When all of the binary 
digits included in a bit sequence are 0's, this means that the 
corresponding memory cell has the electrical charge level L5. 
L6, L7, or L8, and the reliability of LSB-0 may be high. 
However, when a bit sequence has different binary digits “0” 
and “1” included therein, this means that the corresponding 
memory cell has the electrical charge level L3 or L4. As the 
threshold Voltage of the corresponding memory cell is 
between V-3D and Vs-3D, the reliability of LSB-1/ 
LSB-0 may be low due to the fact that the error probability 
may be high. For example, a memory cell which originally 
stores LSB=0 would have an amount of stored electrical 
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charge corresponding to the electrical charge level L4 to make 
the threshold voltage higher than V, -3D. However, when 
the P/E count is increased, the amount of stored electrical 
charge is changed, which may make the threshold Voltage 
lower than Vs. Similarly, a memory cell which originally 
stores LSB-1 would have an amount of stored electrical 
charge corresponding to the electrical charge level L3 to make 
the threshold voltage lower than V-3D. However, when 
the P/E count is increased, the amount of stored electrical 
charge is changed, which may make the threshold Voltage 
higher than Vs. To put it simply, when the threshold Voltage 
distribution is changed, a memory cell which originally stores 
LSB-1 may be erroneously regarded as a memory cell which 
stores LSB-0, and a memory cell which originally stores 
LSB-0 may be erroneously regarded as a memory cell which 
Stores LSB=1. 

0049. Therefore, the bit sequences each having one of the 
binary digit combinations BS2-BS7 should be monitored to 
track the threshold voltage distribution variation around the 
initial control gate Voltage Vs (i.e., the threshold Voltage 
distribution variation between the electrical charge levels L3 
and L4). The identifying unit 116 is therefore arranged for 
identifying a specific bit sequence of at least one specific 
memory cell, wherein each specific bit sequence has different 
binary digits “1” and “O'” included therein. The determining 
unit 114 is coupled to the identifying unit, and arranged for 
determining an updated bit sequence of the at least one spe 
cific memory cell according to at least the specific bit 
sequence. By way of example, the determining unit 114 deter 
mines the updated bit sequence of the at least one specific 
memory cell by mapping the specific bit sequence to the 
updated bit sequence. 
0050. Please refer to FIG. 5, which is a diagram illustrat 
ing a mapping operation performed by the determining unit 
114 shown in FIG. 1 for determining updated specific bit 
sequences. The bit sequences BS 0-BS K generated from 
memory cells M 0-M K of the target physical page P 0 are 
also stored into the storage device 108 acting as a data buffer. 
When the ECC corrector 122 indicates that the bit sequences 
BS 0-BS K include uncorrectable error bits, the identifying 
unit 116 is operative to monitor the bit sequences BS 0 
BS K and identify specific bit sequences each having differ 
ent binary digits “0” and “1” included therein (i.e., specific bit 
sequences each having the binary digit combination BS2. 
BS3, BS4, BS5, BS6, or BS7). In this exemplary embodi 
ment, the determining unit 114 determines a mapping rule 
according to the specific bit sequences identified by the iden 
tifying unit 116. For example, the determining unit 114 may 
count specific bit sequences having the binary digit combi 
nations BS2, BS3, BS4, BS5, BS6, and BS7 and then derive 
a histogram shown in FIG. 5. As can be seen from the illus 
trated histogram, the local minimum of the threshold Voltage 
distribution corresponds to the shifted control gate Voltage 
Vis-D rather than the initial control gate Voltage Vs. 
implying that the initial control gate Voltage Vs is no longer 
the optimum control gate Voltage for identifying LSBs of 
memory cells due to change of the threshold Voltage distri 
bution. Regarding the changed threshold Voltage distribution, 
the shifted control gate Voltage V, s-D would be a better 
control gate Voltage for identifying LSBs of memory cells. 
Therefore, based on the histogram of the specific bit 
sequences identified by the identifying unit 116, the deter 
mining unit 114 is capable of determining the desired map 
ping rule. For example, in accordance with the relationship 
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between the initial control gate Voltage Vs and the shifted 
control gate Voltage V, s-D, the mapping rule will define 
that each specific bit sequence having the binary digit com 
bination BS2 should be adjusted to have the binary digit 
combination BS3 (i.e., mapped to the binary digit combina 
tion BS3), each specific bit sequence having the binary digit 
combination BS3 should be adjusted to have the binary digit 
combination BS4 (i.e., mapped to the binary digit combina 
tion BS4), each specific bit sequence having the binary digit 
combination BS4 should be adjusted to have the binary digit 
combination BS5 (i.e., mapped to the binary digit combina 
tion BS5), each specific bit sequence having the binary digit 
combination BS5 should be adjusted to have the binary digit 
combination BS6 (i.e., mapped to the binary digit combina 
tion BS6), each specific bit sequence having the binary digit 
combination BS6 should be adjusted to have the binary digit 
combination BS7 (i.e., mapped to the binary digit combina 
tion BS7), and each specific bit sequence having the binary 
digit combination BS7 should be adjusted to have the binary 
digit combination BS8 (i.e., mapped to the binary digit com 
bination BS8). In this way, the error probability of the updated 
specific bit sequence is effectively lowered due to the adjust 
ment made to the original binary digit combination. 
0051. Next, the bit sequences BS 0-BS K with one or 
more bit sequences updated/adjusted by the determining unit 
114 according to the mapping rule are processed by the ECC 
circuit (e.g., an LDPC decoder) 110 again. As the number of 
errorbits can be reduced by the determining unit 114 collabo 
rating with the identifying unit 116, the ECC circuit 110 may 
have change to Successfully correct any errorbits found in the 
currently processed readout information (i.e., soft informa 
tion) of the physical page P 0. When the ECC corrector 122 
indicates that the decoded result generated from the ECC 
circuit 110 is error-free, the read operation of reading LSB 
data of the memory cells M 0-M K of the target physical 
page P 0 is accomplished. On the other hand, when the ECC 
corrector 122 indicates that the currently processed readout 
information still contains uncorrectable error bits, the deter 
mining unit 116 may further adjust the mapping rule for 
reducing the error probability of the specific bit sequence 
identified by the identifying unit 116. 
0052. In above exemplary embodiment, the determining 
unit 114 performs the mapping operation to update the spe 
cific bit sequences identified by the identifying unit 116. 
However, this is for illustrative purposes only, and is not 
meant to be a limitation of the present invention. In an alter 
native design, after the determining unit 144 determines that 
the shifted control gate Voltage V, s-D should be the opti 
mum control gate Voltage for identifying LSBs of memory 
cells M 0-M K, the control unit 106 may be configured to set 
the initial control gate Voltage by V-D, and then control 
the flash memory 102 to perform seven read operations upon 
each of the memory cells M 0-M Kaccording to the updated 
initial controlgate Voltage Vs-D and the Voltage spacing D. 
Based on the same voltage adjusting order OD1, the flash 
memory 102 sets the control gate Voltage VG 0 by Visi-D, 
Visa, Visa-2D. Visa--D, Visa-3D, Visa--2D. Visa-4D, 
sequentially. Therefore, the flash memory 102 outputs new bit 
sequences BS 0-BS M, wherein each of the new bit 
sequences BS 0-BS M has seven binary digits sequentially 
obtained due to the control gate Voltages Visi-D, Vs. 
Vis-2D.Vs.--D, V, S-3D.Vs--2D and Vis-4D. Next, 
the ECC circuit (e.g., an LDPC decoder) 110 processes the 
new bit sequences BS 0-BS M (i.e., an updated codeword 



US 2012/O 140560 A1 

read from the physical page P 0) to correct any error bits 
found in the new bit sequences BS 0-BS M. The same objec 
tive of generating readout information which can pass the 
ECC parity check is achieved. 
0053 Briefly summarized, in a case where each read 
operation utilizes only one control gate Voltage applied to a 
control gate of each of the memory cells, and the control gate 
voltage utilized by one read operation is different from the 
control gate Voltage utilized by another read operation, the 
identifying unit 116 is implemented for identifying any spe 
cific bit sequence having different binary digits included 
therein, and the determining unit 114 is implemented for 
determining updated specific bit sequence(s) according to the 
specific bit sequence(s) identified by the identifying unit 116. 
In one exemplary design, the determining unit 114 deter 
mines the updated bit sequences by performing a mapping 
operation upon the specific bit sequences. In another exem 
plary design, the determining unit 114 determines a new 
initial control gate Voltage, and the control unit 112 refers to 
the new initial control gate Voltage to control the flash 
memory 102 to output bit sequences having updated specific 
bit sequence(s) included therein. 
0054 Please refer to FIG. 6, which is a diagram illustrat 
ing an exemplary CSB reading operation of reading a soft bit 
(i.e., a soft information value) from a memory cell of the flash 
memory 102. In accordance with the exemplary threshold 
voltage distributions shown in FIG. 2 and FIG. 3, a memory 
cell with any of the electrical charge levels L0, L1, L6, and L7 
would store CSB-1, and a memory cell with any of the 
electrical charge levels L2-L5 would store CSB=0. In this 
exemplary embodiment, the control unit 112 determines two 
initial control gate Voltages Vcs, Vcs and a Voltage spac 
ing D, and then controls the flash memory 102 to perform 
seven read operations upon each of the memory cells M 0 
M. K. Based on the voltage adjusting order OD1, the flash 
memory 102 sets the control gate Voltage VG 0 by Vs. 
VCs+D, VCs1-D, VCs+2D, VCs1-2D, VCs+3D, and 
Vs-3D, sequentially. Besides, based on the Voltage 
adjusting order OD2 that is different from the voltage adjust 
ing order OD1, the flash memory 102 sets the control gate 
Voltage VG 0 by Vcs, Vcs-D, VCs2+D, VCs2-2D, 
Vcs--2D, VCs2-3D, and Vcs--3D, Sequentially. Specifi 
cally, the flash memory 102 utilizes two control gate voltages 
Vs and Vs to determine the first binary digit of the bit 
sequence, utilizes two control gate Voltages Vs+D and 
Vis-D to determine the second binary digit of the bit 
sequence, utilizes two control gate Voltages Vs-D and 
V+D to determine the third binary digit of the bit 
sequence, utilizes two control gate Voltages Vs +2D and 
V-2D to determine the fourth binary digit of the bit 
sequence, utilizes two control gate Voltages Vs-2D and 
V+2D to determine the fifth binary digit of the bit 
sequence, utilizes two control gate Voltages Vs +3D and 
Vs-3D to determine the sixth binary digit of the bit 
sequence, and utilizes two control gate Voltages Vs-3D 
and Vs-3D to determine the seventh binary digit of the bit 
sequence. Please note that the Voltage spacing D may be 
adjustable, and the Voltage spacing used for adjusting the 
controlgate Voltage Vs in the Voltage adjusting order OD1 
may be different from the Voltage spacing used for adjusting 
the control gate Voltage Vs in the Voltage adjusting order 
OD2. 

0055 As mentioned above, the flash memory 102 is 
capable of determining a hard bit value (i.e., CSB) of each of 
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the memory cells M 0-M K by the initial control gate volt 
ages Vs and Vs. Therefore, each of the bit sequences 
BS 0-BS M has seven binary digits obtained due to the con 
trol gate Voltages Voss, VCs+D, VCs, 1-D, VCs+2D, 
Vcs-2D, VCs+3D, VCs-3D, VCs2. VCs2-D, VCs2+ 
D. Visa-2D, VCs2+2D, VCs2-3D, and Vcs +3D. Please 
note that each of the bit sequences BS 0-BS M acts as a soft 
bit representative of the soft information read from a memory 
cell, and the binary digit obtained due to the initial control 
gate Voltage VCs or VCs2 may serve as a sign bit (i.e., a 
hard bit value). 
0056 Similarly, each bit sequence may have one of eight 
possible binary digit combinations BS1-BS8. When the elec 
trical charge currently stored on the floating gate of the 
memory cell makes the threshold voltage of the memory cell 
higher than Vs-3D or lower than Vs-3D, the bit 
sequence read from the memory cell would have the binary 
digit combination BS1="1111111”. When the electrical 
charge currently stored on the floating gate of the memory cell 
makes the threshold voltage of the memory cell located 
between Vs.--2D and Vis+3D or located between 
V-2D and Vs-3D, the bit sequence read from the 
memory cell would have the binary digit combination 
BS2="1111110. When the electrical charge currently stored 
on the floating gate of the memory cell makes the threshold 
Voltage of the memory cell located between Vs-D and 
VCs2+2D or located between Vcs-D and Vcs-2D, the 
bit sequence read from the memory cell would have the binary 
digit combination BS3="1111010. When the electrical 
charge currently stored on the floating gate of the memory cell 
makes the threshold voltage of the memory cell located 
between Vcs and VCs2+D or located between Vcs and 
Vis-D, the bit sequence read from the memory cell would 
have the binary digit combination BS4="1101010”. When 
the electrical charge currently stored on the floating gate of 
the memory cell makes the threshold voltage of the memory 
cell located between Vs-3D and Vis+3D, the bit 
sequence read from the memory cell would have the binary 
digit combination BS8="0000000. When the electrical 
charge currently stored on the floating gate of the memory cell 
makes the threshold voltage of the memory cell located 
between Vs-2D and Vs-3D or located between 
V+2D and Vs+3D, the bit sequence read from the 
memory cell would have the binary digit combination 
BS7="0000010”. When the electrical charge currently stored 
on the floating gate of the memory cell makes the threshold 
Voltage of the memory cell located between Vs-D and 
Vis-2D or located between Vs+D and Vs+2D, the 
bit sequence read from the memory cell would have the binary 
digit combination BS6="0001010. When the electrical 
charge currently stored on the floating gate of the memory cell 
makes the threshold voltage of the memory cell located 
between Vcs and VCs2-D or located between Vcs and 
Vs+D, the bit sequence read from the memory cell would 
have the binary digit combination BS5="0101010”. 
0057. When all of the binary digits included in a bit 
sequence are 1's this means that the corresponding memory 
cell has the electrical charge level L0, L1, L6, or L7, and the 
reliability of CSB=1 may be high. When all of the binary 
digits included in a bit sequence are 0's, this means that the 
corresponding memory cell has the electrical charge level L2. 
L3, L4, or L5, and the reliability of CSB-0 may be high. 
However, when a bit sequence have different binary digits “0” 
and “1” included therein, this means that the corresponding 
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memory cell has the electrical charge level L1, L2, L5, or L6. 
As the threshold Voltage of the corresponding memory cell is 
located between Vs-3D and Vs+3D or located 
between V-3D and Vs-3D, the reliability of CSB=1/ 
CSB-0 may be low due to the fact that the error probability 
may be high. Therefore, the bit sequences each having one of 
the binary digit combinations BS2-BS7 should be monitored 
to track the threshold voltage distribution variation around the 
initial control gate Voltages Vs and Vs (i.e., the thresh 
old voltage distribution variation between the electrical 
charge levels L1 and L2, and the threshold voltage distribu 
tion variation between the electrical charge levels L5 and L6). 
0058. The identifying unit 116 identifies specific bit 
sequences each having different binary digits “0” and “1” 
included therein. However, as the flash memory 102 simply 
outputs one bit sequence of a memory cell in response to 
seven read operations each utilizing two control gate Volt 
ages, the memory controller 104 does not know whether the 
bit sequence is generated from a memory cell having a thresh 
old Voltage between Vs+3D and Vs-3D or generated 
from a memory cell having a threshold Voltage between 
Vis-3D and Vs-3D. For example, when the bit 
sequence BS 0 has the binary digit combination BS2 (i.e., 
"1111110), the memory cell M 0 may have a threshold 
Voltage located between Vs.--2D and Vs-3D or located 
between V-2D and Vs-3D. Thus, to use the afore 
mentioned threshold Voltage distribution tracking mecha 
nism employed for updating the specific bit sequences each 
having different binary digits “0” and “1” included therein, it 
is necessary to discriminate between a specific bit sequence 
generated from a memory cell having a threshold Voltage 
located between Vs-3D and Vs+3D and a specific bit 
sequence generated from a memory cell having a threshold 
Voltage located between Vs-3D and Vs-3D. 
0059. In one exemplary design, the identifying unit 116 
identifies each specific bit sequence of a specific memory cell 
by further referring to identified bit(s) of the specific memory 
cell. For example, reading the LSB data of the memory cells 
M 0-M K is performed prior to reading the CSB data of the 
memory cells M 0-M K. Therefore, before the control unit 
112 controls the flash memory 102 to output soft bits (i.e., soft 
information values) of the CSB data, the LSB bits of the 
memory cells M 0-M K are known in advance. When find 
ing a specific bit sequence with different binary digits 
included therein, the identifying unit 116 refers to an LSB bit 
of the specific memory cell which outputs the specific bit 
sequence to thereby identify whether the specific bit sequence 
is generated from the specific memory cell having a threshold 
Voltage located between Vs-3D and Vs+3D or gener 
ated from the specific memory cell having a threshold Voltage 
located between Vs-3D and Vs-3D. 
0060. As mentioned above, the determining unit 114 is 
arranged for determining an updated bit sequence of the at 
least one specific memory cell according to at least the spe 
cific bit sequence. By way of example, the determining unit 
114 determines the updated bit sequence of the at least one 
specific memory cell by mapping the specific bit sequence to 
the updated bit sequence. In this exemplary design, the bit 
sequences BS 0-BS K generated from the physical page P 0 
are buffered in the storage device 108. When the ECC cor 
rector 122 indicates that the bit sequences BS 0-BS K 
include uncorrectable error bits, the identifying unit 116 is 
operative to monitor the bit sequences BS 0-BS K and iden 
tify specific bit sequences each having different binary digits 
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“0” and “1” included therein (i.e., specific bit sequences each 
having the binary digit combination BS2, BS3, BS4, BS5. 
BS6, or BS7). Specifically, with the help of identified bits 
(e.g., LSBs) of the memory cells M 0-M K, the identifying 
unit 116 is capable of distinguish between specific bit 
sequences generated from specific memory cells each having 
a threshold Voltage located between Vs-3D and Vis+ 
3D and specific bit sequences generated from specific 
memory cells each having a threshold Voltage located 
between Vs-3D and Vcs +3D. 
0061 Next, the determining unit 114 determines a first 
mapping rule according to a first histogram derived from 
counting the specific bit sequences that are generated from 
identified specific memory cells each having a threshold volt 
age located between Vs-3D and Vs+3D, and also 
determines a second mapping rule according to a second 
histogram derived from counting identified specific bit 
sequences that are generated from specific memory cells each 
having a threshold voltage located between Vs-3D and 
Vs+3D. In addition, based on the first histogram, a new 
initial control gate Voltage corresponding to a local minimum 
of the threshold voltage distribution corresponding to the 
electrical charge levels L1 and L2 can be found. Similarly, 
based on the second histogram, a new initial control gate 
Voltage corresponding to a local minimum of the threshold 
Voltage distribution corresponding to the electrical charge 
levels L5 and L6 can be found. After determining the first 
mapping rule, the determining unit 114 updates the specific 
bit sequences that are generated from identified specific 
memory cells each having a threshold Voltage located 
between Vs-3D and Vs--3D. Similarly, after determin 
ing the second mapping rule, the determining unit 114 
updates the specific bit sequences that are generated from 
identified specific memory cells each having a threshold volt 
age located between Vs-3D and Vs+3D. In this way, 
the error probability of the specific bit sequence is effectively 
lowered due to the adjustment made to the original binary 
digit combination. As a person skilled in the art can readily 
understand details directed to determining the first and sec 
ond mapping rules and updating the specific bit sequences by 
the first and second mapping rules after reading above para 
graphs pertinent to the example shown FIG. 5, further 
description is omitted here for brevity. 
0062 Next, the bit sequences BS 0-BS K with one or 
more bit sequences updated/adjusted by the determining unit 
114 according to the first and second mapping rules are pro 
cessed by the ECC circuit (e.g., an LDPC decoder) 110 again. 
As the number of errorbits can be reduced by the determining 
unit 114 collaborating with the identifying unit 116, the ECC 
circuit 110 may have change to Successfully correct any error 
bits remaining in the currently processed readout information 
(i.e., soft information) of the physical page P 0. When the 
ECC corrector 122 indicates that the decoded result generated 
from the ECC circuit 110 is error-free, the read operation of 
reading CSB data of the memory cells M 0-M Kof the target 
physical page P 0 is accomplished. On the other hand, when 
the ECC corrector 122 indicates that the currently processed 
readout information still contains uncorrectable errorbits, the 
determining unit 116 may further adjust the first and second 
mapping rules to try reducing the error probability of the 
specific bit sequence identified by the identifying unit 116. 
0063. In above exemplary embodiment, the determining 
unit 114 performs the mapping operation to update the spe 
cific bit sequences identified by the identifying unit 116. 
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However, this is for illustrative purposes only, and is not 
meant to be a limitation of the present invention. In an alter 
native design, after the determining unit 144 determines that 
other control gate Voltages different from Vcs and Vcs 
should be better control gate voltages for identifying CSBs of 
the memory cells M 0-M K, the control unit 106 may be 
configured to set the initial control gate Voltages by Voltage 
values found using the first histogram and the second histo 
gram, and then control the flash memory 102 to perform seven 
read operations upon each of the memory cells M 0-M K 
according to the updated initial control gate Voltages. There 
fore, the flash memory 102 outputs new bit sequences BS 0 
BS M. Next, the ECC circuit 110 processes the new bit 
sequences BS 0-BS M (i.e., an updated codeword read from 
the physical page P 0) to correct any error bits found in the 
new bit sequences BS 0-BS M. As a person skilled in the art 
can readily understand related operation after reading above 
paragraphs, further description is omitted here for brevity. 
0064 Briefly summarized, in a case where each read 
operation utilizes more than one control gate Voltage (e.g., 
two control gate Voltages) applied to a control gate of each of 
the memory cells, and control gate Voltages utilized by one 
read operation is different from control gate Voltages utilized 
by another read operation, the identifying unit 116 is imple 
mented for identifying any specific bit sequence having dif 
ferent binary digits included therein according to each iden 
tified bit of the specific memory cell which outputs the 
specific bit sequence, and the determining unit 114 is imple 
mented for determining updated specific bit sequences 
according to the specific bit sequences identified by the iden 
tifying unit 116. In one exemplary design, the determining 
unit 114 determines the updated bit sequences by performing 
a mapping operation upon the specific bit sequences. In 
another exemplary design, the determining unit 114 deter 
mines new initial control gate Voltages, and the control unit 
112 refers to the new initial control gate voltages to control 
the flash memory 102 to output bit sequences having updated 
specific bit sequence(s) included therein. 
0065. Please refer to FIG. 7, which is a diagram illustrat 
ing an exemplary MSB reading operation of reading a soft bit 
(i.e., a soft information value) from a memory cell of the flash 
memory 102. In accordance with the exemplary threshold 
voltage distributions shown in FIG. 2 and FIG. 3, a memory 
cell with any of the electrical charge levels L0, L3, L4, and L7 
would store MSB-1, and a memory cell with any of the 
electrical charge levels L1, L2, L5, and L6 would store 
MSB-0. In this example, the control unit 112 determines 
three initial control gate Voltages Vasa, Vasa, Vases and a 
Voltage spacing D, and then controls the flash memory 102 to 
perform seven read operations upon each of the memory cells 
M 0-M K. Based on the voltage adjusting order OD1, the 
flash memory 102 sets the control gate voltage VG 0 by 
Vasa, Vasalt-D, Vasai-D, Vasat-2D, Vasai-2D, 
Vis-3D, and Vas-3D, Sequentially, and further sets the 
control gate Voltage VG 0 by Vasas, Vass+D, Vasas-D, 
Vases--2D, Vass-2D, Vass+3D, and Vass-3D, Sequen 
tially. Besides, based on the voltage adjusting order OD2 that 
is different from the voltage adjusting order OD1, the flash 
memory 102 also sets the control gate voltage VG 0 by 
Vasa, Visa-D, Vasalt-D, Vasa-2D, Vasat-2D, 
Vis-3D, and Vas--3D, Sequentially, and further sets the 
control gate Voltage VG 0 by Vasa, Vasa-D, Vasai-D, 
Vasa-2D, Vasa--2D, Vasa-3D, and Vasai-3D, Sequen 
tially. Specifically, the flash memory 102 determines the first 
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binary digit of the bit sequence by four control gate Voltages 
Vasa, Vasa, Vases, and Vasa determines the second 
binary digit of the bit sequence by four control gate Voltages 
Vasai--D, Vasa-D, Vass+D, and Vassa-D, determines 
the third binary digit of the bit sequence by four control gate 
Voltages Visi-D, Vasai-D, Vasas-D, and Vasai-D, 
determines the fourth binary digit of the bit sequence by four 
controlgate Voltages Vasai--2D.Vs-2D, Vases+2D, and 
Visa-2D, determines the fifth binary digit of the bit 
sequence by four control gate Voltages VS-2D, VAs2+ 
2D, Vass-2D, and Vasa--2D, determines the sixth binary 
digit of the bit sequence by four control gate Voltages Vs+ 
3D, VAs-3D, Vass+3D, and Vasa-3D, and determines 
the seventh binary digit of the bit sequence by four control 
gate Voltages Vasai-3D, Vas-3D, Vass-3D, and 
Vs-3D. Please note that the Voltage spacing D may be 
adjustable, and the Voltage spacing values used for adjusting 
the control gate Voltages Vs-Vasa may be different from 
one another. 

0066. As mentioned above, the flash memory 102 is 
capable of determining a hard bit value (i.e., MSB) of each of 
the memory cells M 0-M K by the initial control gate volt 
ages Vasa, Vasa, Vasas, and Vasza. Therefore, each of the 
bit sequences BS 0-BS M has seven binary digits obtained 
due to the above-mentioned voltages. Please note that each of 
the bit sequences BS 0-BS Macts as a soft bit representative 
of the soft information read from a memory cell, and the 
binary digit obtained due to the initial control gate Voltage 
Visa, Vasa, Vasas, or Visaa may serve as a sign bit (i.e., 
a hard bit value). 
0067 Similarly, each bit sequence may have one of eight 
possible binary digit combinations BS1-BS8. When the elec 
trical charge currently stored on the floating gate of the 
memory cell makes the threshold voltage of the memory cell 
higher than Visa-3D, lower than Vs-3D, or located 
between Vs-3D and Vass-3D, the bit sequence read 
from the memory cell would have the binary digit combina 
tion BS1="1111111”. When the electrical charge currently 
stored on the floating gate of the memory cell makes the 
threshold voltage of the memory cell located between 
VAsia--2D and Vas-3D, located between Vs-2D and 
Vis-3D, located between Vass-2D and Vass-3D, or 
located between Vs--2D and Vs-3D, the bit sequence 
read from the memory cell would have the binary digit com 
bination BS2="1111110. When the electrical charge cur 
rently stored on the floating gate of the memory cell makes the 
threshold voltage of the memory cell located between 
VAsia--D and Vasa.--2D, located between Vs--D and 
Vs--2D, located between Vas-D and Vas-2D, or 
located between Vass-D and Vass-2D, the bit sequence 
read from the memory cell would have the binary digit com 
bination BS3="1111010. When the electrical charge cur 
rently stored on the floating gate of the memory cell makes the 
threshold Voltage of the memory cell located between Vs. 
and Vasai-D, located between Vase and Vas--D, located 
between Vs. and Vas-D, or located between Vasa and 
Vs-D, the bit sequence read from the memory cell would 
have the binary digit combination BS4="1101010”. When 
the electrical charge currently stored on the floating gate of 
the memory cell makes the threshold voltage of the memory 
cell located between Vs-3D and Vss+3D or located 
between V-3D and Vs+3D, the bit sequence read 
from the memory cell would have the binary digit combina 
tion BS8="0000000'. When the electrical charge currently 
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stored on the floating gate of the memory cell makes the 
threshold voltage of the memory cell located between 
Vasa-2D and Vasa-3D, located between Vs-2D and 
Vis-3D, located between Vs.--2D and Vas--3D, or 
located between Vs--2D and Vs-3D, the bit sequence 
read from the memory cell would have the binary digit com 
bination BS7="0000010. When the electrical charge cur 
rently stored on the floating gate of the memory cell makes the 
threshold voltage of the memory cell located between 
Vasa-D and Visa-2D, located between Vas-D and 
Vis-2D, located between Vs.--D and Vs--2D, or 
located between Vss+D and Vs--2D, the bit sequence 
read from the memory cell would have the binary digit com 
bination BS6="0001010. When the electrical charge cur 
rently stored on the floating gate of the memory cell makes the 
threshold Voltage of the memory cell located between Vs. 
and Vassa-D, located between Vasa and Vas-D, located 
between Vs. and Vas--D, or located between Vasa and 
V+D, the bit sequence read from the memory cell would 
have the binary digit combination BS5="0101010”. 
0068. When all of the binary digits included in a bit 
sequence are 1's this means that the corresponding memory 
cell has the electrical charge level L0, L3, L4, or L7, and the 
reliability of MSB-1 may be high. When all of the binary 
digits included in a bit sequence are 0's, this means that the 
corresponding memory cell has the electrical charge level L1, 
L2, L5, or L6, and the reliability of MSB-0 may be high. 
However, when a bit sequence have different binary digits “0” 
and “1” included therein, this means that the corresponding 
memory cell has the electrical charge level being one of 
LO-L7. As the threshold voltage of the corresponding 
memory cell is located between Vs-3D and Vs+3D. 
located between V-3D and Vs-3D, located between 
Vis-3D and Vass-3D, or located between Vs-3D 
and Visa-3D, the reliability of MSB-1/MSB-0 may below 
due to the fact that the error probability may be high. There 
fore, the bit sequences each having one of the binary digit 
combinations BS2-BS7 should be monitored to track the 
threshold voltage distribution variation around the initial con 
trol gate Voltages Vasai-Vis (i.e., the threshold Voltage 
distribution variation between the electrical charge levels L0 
and L1, the threshold voltage distribution variation between 
the electrical charge levels L2 and L3, the threshold voltage 
distribution variation between the electrical charge levels L4 
and L5, and the threshold voltage distribution variation 
between the electrical charge levels L6 and L7). 
0069. Similarly, as the flash memory 102 simply outputs 
one bit sequence of a memory cells in response to seven read 
operations each utilizing four control gate Voltages, it is nec 
essary to discriminate among a specific bit sequence gener 
ated from a memory cell having a threshold Voltage located 
between Vs-3D and Vas-3D, a specific bit sequence 
generated from a memory cell having a threshold Voltage 
located between Vs-3D and Vs-3D, a specific bit 
sequence generated from a memory cell having a threshold 
Voltage located between Vass-3D and Vass+3D, and a 
specific bit sequence generated from a memory cell having a 
threshold Voltage located between Visa-3D and Visa 
3D. In one exemplary design, the identifying unit 116 iden 
tifies each specific bit sequence of a specific memory cell by 
further referring to identified bit(s) of the specific memory 
cell. For example, reading the LSB data and CSB data of the 
memory cells M 0-M K is performed prior to reading the 
MSB data of the memory cells M 0-M K. Therefore, before 
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the control unit 112 controls the flash memory 102 to output 
soft bits (i.e., soft information values) of the MSB data, the 
LSBs and CSBs of the memory cells M 0-M Kare known in 
advance and therefore can be utilized by the identifying unit 
116 to identify whether the specific bit sequence is generated 
from the specific memory cell having a threshold Voltage 
located between Vs-3D and Vs+3D, generated from 
the specific memory cell having a threshold Voltage located 
between Vs-3D and Vs-3D, generated from the spe 
cific memory cell having a threshold Voltage located between 
Vis-3D and Vss+3D, or generated from the specific 
memory cell having a threshold Voltage located between 
Vasza-3D and Visa-3D. 
0070. As mentioned above, the determining unit 114 is 
arranged for determining an updated bit sequence of the at 
least one specific memory cell according to at least the spe 
cific bit sequence. By way of example, the determining unit 
114 determines the updated bit sequence of the at least one 
specific memory cell by mapping the specific bit sequence to 
the updated bit sequence. In this exemplary design, the bit 
sequences BS 0-BS K generated from the physical page P 0 
are buffered in the storage device 108. When the ECC cor 
rector 122 indicates that the bit sequences BS 0-BS K 
include uncorrectable error bits, the identifying unit 116 is 
operative to monitor the bit sequences BS 0-BS K and iden 
tify specific bit sequences each having different binary digits 
“0” and “1” included therein (i.e., specific bit sequences each 
having the binary digit combination BS2, BS3, BS4, BS5. 
BS6, or BS7). Specifically, with the help of identified bits 
(e.g., LSBs and CSBs) of the memory cells M 0-M K, the 
identifying unit 116 is capable of identifying specific bit 
sequences generated from specific memory cells each having 
a threshold Voltage located between V-3D and Vs+ 
3D, identifying specific bit sequences generated from specific 
memory cells each having a threshold Voltage located 
between Vs-3D and Vs-3D, identifying specific bit 
sequences generated from specific memory cells each having 
a threshold Voltage located between Vass-3D and Vass+ 
3D, and identifying specific bit sequences generated from 
specific memory cells each having a threshold Voltage located 
between Visa-3D and Vasa+3D. 
0071 Next, the determining unit 114 determines a first 
mapping rule according to a first histogram derived from 
counting the specific bit sequences that are generated from 
identified specific memory cells each having a threshold volt 
age located between Vs-3D and Vas-3D, determines a 
second mapping rule according to a second histogram derived 
from counting identified specific bit sequences that are gen 
erated from specific memory cells each having a threshold 
Voltage located between Vs-3D and Vs-3D, deter 
mines a third mapping rule according to a third histogram 
derived from counting identified specific bit sequences that 
are generated from specific memory cells each having a 
threshold Voltage located between Vass-3D and Vass+ 
3D, and determines a fourth mapping rule according to a 
fourth histogram derived from counting identified specific bit 
sequences that are generated from specific memory cells each 
having a threshold Voltage located between Vs-3D and 
Vassa+3D. 
0072. As a person skilled in the art can readily understand 
details of reading MSB data from the memory cells after 
reading above paragraphs illustrating details of reading CSB 
data from the memory cells, further description is omitted 
here for brevity. 
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0073 Briefly summarized, in a case where each read 
operation utilizes more than one control gate Voltage (e.g., 
four control gate Voltages) applied to a control gate of each of 
the memory cells, and control gate Voltages utilized by one 
read operation is different from control gate Voltages utilized 
by another read operation, the identifying unit 116 is imple 
mented for identifying any specific bit sequence having dif 
ferent binary digits included therein according to each iden 
tified bit of the specific memory cell which outputs the 
specific bit sequence, and the determining unit 114 is imple 
mented for determining updated specific bit sequences 
according to the specific bit sequences identified by the iden 
tifying unit 116. In one exemplary design, the determining 
unit 114 determines the updated bit sequences by performing 
a mapping operation upon the specific bit sequences. In 
another exemplary design, the determining unit 114 deter 
mines new initial control gate Voltages, and the control unit 
112 refers to the new initial control gate voltages to control 
the flash memory 102 to output bit sequences having updated 
specific bit sequence(s) included therein. 
0074 As mentioned above, when reading soft information 
of the CSB data stored in the memory cells, the LSBs of the 
memory cells are used by the identifying unit 116 to discrimi 
nate between specific bit sequences that are generated from 
memory cells each having a threshold Voltage located 
between Vs-3D and Vs+3D and specific bit sequences 
that are generated from memory cells each having a threshold 
Voltage located between Vs-3D and Vs-3D. Thus, the 
step of reading the soft information of the LSB data is 
required to be performed before the step of reading the soft 
information of the CSB data. However, in an alternative 
design, the identifying unit 116 is capable of discriminating 
between specific bit sequences without referring to the iden 
tified bits (e.g., LSBs) of the memory cells. Please refer to 
FIG. 8, which is a diagram illustrating another exemplary 
CSB reading operation of reading a soft bit (i.e., a soft infor 
mation value) from a memory cell of the flash memory 102. In 
accordance with the exemplary threshold voltage distribu 
tions shown in FIG. 2 and FIG. 3, a memory cell with any of 
the electrical charge levels L0, L1, L6, and L7 would store 
CSB-1, and a memory cell with any of the electrical charge 
levels L2-L5 would store CSB-0. In this exemplary embodi 
ment, the control unit 112 determines two initial control gate 
Voltages Vs, Vs, and a Voltage spacing D. As shown in 
sub-diagram (A) of FIG. 8, the control unit 112 controls the 
flash memory 102 to perform seven first read operations upon 
each of the memory cells M 0-M K, wherein the flash 
memory 102 sets the control gate Voltage VG 0 by Vs. 
VCs+D, VCs1-D, VCs+2D, VCs1-2D, VCs+3D, and 
Vis-3D in the Voltage adjusting order OD1 and sets the 
control gate Voltage VG 0 by Vs. Visi-D, Vs.--D, 
Vis-2D, VCs2+2D, VCs2-3D, and Vcs +3D in the 
voltage adjusting order OD2 which is different from the volt 
age adjusting order OD1. In a case where the electrical charge 
stored on a floating gate of a memory cell makes the memory 
cell store a weak “1” due to a threshold voltage located 
between Vs. and Vs-D, the bit sequence read from the 
memory cell will have the binary digit combination BS4 (i.e., 
1101010). In another case where the electrical charge stored 
on the floating gate of the memory cell makes the memory cell 
store a weak “1” due to the threshold voltage located between 
Vcs and VCs+D, the bit sequence read from the memory 
cell will have the same binary digit combination BS4 (i.e., 
1101010). 
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0075. As shown in sub-diagram (B) of FIG. 8, the control 
unit 112 further controls the flash memory 102 to perform 
seven second read operations upon each of the memory cells 
M 0-M K again, wherein the flash memory 102 sets the 
control gate Voltage VG 0 by Vs., Vs+D. Visi-D, 
Vcs +2D, Vcs-2D, VCs+3D, and Vcs-3D in the 
Voltage adjusting order OD1 and sets the control gate Voltage 
VG_0 by VCs2, VCs2+D, VCs2-D, VCs2+2D, VCs2-2D, 
VCs2+3D, and Vcs-3D in the same Voltage adjusting 
order OD1. As to the case where the electrical charge stored 
on the floating gate of the memory cell makes the memory cell 
storea weak “1” due to the threshold voltage located between 
Vcs and Visi-D, the bit sequence read from the memory 
cell will have the binary digit combination BS4 (i.e., 
1101010). However, as to another case where the electrical 
charge stored on the floating gate of the memory cell makes 
the memory cell store a weak “1” due to the threshold voltage 
located between Vcs and Vcs--D, the bit sequence read 
from the memory cell will have a different binary digit com 
bination BS4 (i.e., 1010101). 
0076. Therefore, when a first bit sequence generated from 

first read operations using control gate Voltages set according 
to different voltage adjusting orders (e.g., OD1 and OD2) is 
identical to a second bit sequence generated from second read 
operations using control gate Voltages set by the same Voltage 
adjusting order (e.g., OD1), the identifying unit 116 knows 
that the first bit sequence/second bit sequence is generated 
from a memory cell having a threshold Voltage located 
between V-3D and V+3D. When the first bit 
sequence generated from first read operations using control 
gate Voltages set according to different Voltage adjusting 
orders (e.g., OD1 and OD2) is different from the second bit 
sequence generated from second read operations using con 
trolgate Voltages set by the same Voltage adjusting order (e.g., 
OD1), the identifying unit 116 knows that the first bit 
sequence/second bit sequence is generated from a memory 
cell having a threshold Voltage located between Vs-3D 
and Vs-3D. 
0077. To put it simply, the control unit 112 of the control 
logic 106 controls the flash memory 102 to perform a plurality 
of read operations upon each of the memory cells of one 
physical page for obtaining soft bits of the memory cells, 
wherein the read operations include first read operations and 
second read operations each utilizing two control gate Volt 
ages applied to a control gate of each memory cell. The two 
control gate Voltages utilized by one of the first read opera 
tions are different from the two control gate voltages utilized 
by another of the first read operations, one of the two control 
gate Voltages utilized in each of the first read operations is set 
according to a first Voltage adjusting order, the other of the 
two control gate Voltages utilized in each of the first read 
operations is set according to a second Voltage adjusting order 
different from the first voltage adjusting order. Besides, the 
two control gate Voltages utilized by one of the second read 
operations are different from the two control gate Voltages 
utilized by another of the second read operations, one of the 
two control gate Voltages utilized in each of the second read 
operations is set according to the first Voltage adjusting order, 
and the other of the two control gate Voltages utilized in each 
of the second read operations is set according to the first 
Voltage adjusting order. The identifying unit 116 of the con 
trol logic 106 identifies a specific bit sequence with different 
binary digits included therein by referring to a first bit 
sequence read from a specific memory cell by the first read 
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operations and a second bit sequence read from the specific 
memory cell by the second read operations. After the specific 
bit sequences, each having different binary digits included 
therein, are correctly categorized by the identifying unit 116, 
the determining unit 114 can employ the aforementioned 
procedure to determine the updated bit sequences correctly. 
0078 Please refer to FIG.9, which is a diagram illustrat 
ing a memory system according to a second exemplary 
embodiment of the present invention. The exemplary 
memory system 900 includes a memory controller 904 and 
the aforementioned flash memory (e.g., a NAMD-type flash 
memory) 102. To read the data stored in the memory cells 
M 0-M K of the target physical page P 0, the control gate 
voltages VG 0-VG N should be properly set. Each of the 
memory cells 103 in this exemplary embodiment is config 
ured to store 3 bits, including a least significant bit (LSB), a 
central significant bit (CSB), and a most significant bit 
(MSB). Thus, the memory controller 904 determines eight 
control gate Voltages Visa Vosal, Vcsa, Vasa, Vasa, 
Vass, and Vasa, and controls the flash memory 102 to 
perform read operations according to these configured con 
trol gate Voltages. As the details of read operations performed 
in the flash memory 102 are already described above, further 
description is omitted here for brevity. 
0079. The memory controller 904 is implemented to con 

trol access (read/write) of the flash memory 102. In this 
exemplary embodiment, the memory controller 904 includes, 
but is not limited to, a control logic 906 having a control unit 
912, a counting unit 914, and a comparing unit 916 included 
therein, a receiving circuit 908 having a storage device (e.g., 
a memory device) 918, and an ECC circuit 910 having an 
ECC detector 920 and an ECC corrector 922 included therein. 
Please note that only the elements pertinent to the technical 
features of the present invention are shown in FIG. 9 for 
clarity and simplicity. That is, the memory controller 904 may 
include additional elements to Support other functionality. As 
mentioned above, the threshold voltage distribution of 
memory cells 103 included in the flash memory 102 may be 
changed due to certain factors such as read disturbance, write? 
program disturbance, and/or retention disturbance. As known 
to those skilled in the art, part of the memory cells 103 of one 
physical page is utilized for storing ECC information (e.g., an 
ECC code). Thus, the ECC circuit 910 is operative to perform 
an ECC operation upon the readout information (e.g., a code 
word) read from one physical page. More specifically, the 
ECC detector 120 checks the correctness of the readout infor 
mation, thereby detecting the existence of errorbits presented 
in the checked readout information. When notified by the 
ECC detector 920, the ECC corrector 922 is operative for 
correcting the error bits found in the checked readout infor 
mation. However, when the number of error bits existing in 
the readout information exceeds a maximum number of error 
bits that can be corrected by the ECC corrector 922, the ECC 
corrector 922 indicates that the readout information includes 
uncorrectable error bits. Thus, the control logic 906 enables 
the threshold Voltage distribution tracking mechanism to 
determine the readout information which can pass the ECC 
parity check performed by the ECC circuit 910. Detailed are 
described as below. 

0080. In this exemplary embodiment, the ECC circuit 910 
may be a Bose-Chaudhuri-Hocquenghem (BCH) decoder. 
The control logic 906 is arranged for controlling the flash 
memory 102 to perform a plurality of read operations upon 
each of the memory cells M 0-M K of the target physical 
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page P 0, and determining readout information of the 
memory cells M 0-M Kaccording to binary digit distribu 
tion characteristics of bit sequences BS 0-BS K. The read 
operations include at least a first read operation, a second read 
operation, and a third read operation used for determining 
control gate Voltage shifting direction(s) used for finding 
better control gate voltage(s). Further details are described as 
below. 

I0081 Please refer to FIG. 10 in conjunction with FIG. 11. 
FIG. 10 is a diagram illustrating the adjustment made to the 
control gate Voltage used for reading LSB data according to a 
first embodiment of the present invention. FIG. 11 is a dia 
gram illustrating the operation of determining a shifting 
direction of the control gate Voltage for finding a better con 
trolgate Voltage used for reading LSB data according to a first 
embodiment of the present invention. Due to change of the 
threshold voltage distribution, the threshold voltages of some 
memory cells each originally programmed to have the elec 
trical charge level L3 for storing LSB=1 are distributed in the 
voltage range V5-V9, and the threshold voltages of some 
memory cells each originally programmed to have the elec 
trical charge level L4 for storing LSB=0 are distributed in the 
voltage range V1-V5. To have a minimum number of error 
bits presented in the readout information of the target physical 
page P 0, the control gate Voltage for reading LSB data 
should be preferably set by V5 shown in FIG. 10 (i.e., VT 4 
shown in FIG.3). When the initial control gate voltage V, 
is set to V7 by the control unit 912 and the flash memory 102 
performs the first read operation upon memory cells M 0 
M. K according to the initial control gate Voltage V, the 
number of errorbits presented in the readout information (i.e., 
a first codeword CW 1 consisted of first bits of the bit 
sequences BS 0-BS K) exceeds the maximum number of 
error bits that can be corrected by the ECC circuit 910. Thus, 
the threshold Voltage distribution tracking mechanism is 
enabled accordingly. Next, the control unit 912 updates the 
initial control gate Voltage V, employed by the first read 
operation by V6 which is lower than V7, and then controls the 
flash memory to perform the second read operation upon 
memory cells M 0-M K according to the updated control 
gate Voltage Vs. Thus, a second codeword CW 2 consisted 
of second bits of the bit sequences BS 0-BS K is received by 
the receiving circuit 908. Please note that the first codeword 
CW 1 is buffered in the storage device 918, and bits of the 
first codeword CW 1 buffered in the storage device 918 are 
transmitted to the comparing unit 916 one by one before 
overwritten by the incoming bits of the second codeword 
CW 2. The comparing unit 916 is arranged for comparing 
bits of the first codeword CW 1 (i.e., first bits of the bit 
sequences BS 0-BS K) and bits of the second codeword 
CW 2 (i.e., second bits of the bit sequences BS 0-BS K). 
The comparison result will indicate which bit position has 
one first bit flipping due to a transition from a first binary digit 
(e.g., '1') to a second binary digit (e.g., “0”). The counting 
unit 914 is coupled to the comparing unit 916 and the control 
unit 912, and is arranged for counting the number of first bit 
flipping between the first codeword CW 1 and the second 
codeword CW 2. That is, the counting unit 914 generates a 
first counter number N1 by counting the number of first bit 
flipping between first bits and second bits of the bit sequences 
BS 0-BS K, wherein one first bit flipping occurs when the 
first bit and the second bit of one bit sequence have the first 
binary digit (e.g., “1”) and the second binary digit (e.g., “0”), 
respectively. 
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0082 Next, the control unit 912 updates the current con 
trol gate Voltage V, employed by the second read operation 
by V8 which is higher than V7, and then controls the flash 
memory to perform the third read operation upon memory 
cells M 0-M Kaccording to the updated control gate Voltage 
Vs". Thus, a third codeword CW 3 consisted of third bits of 
the bit sequences BS 0-BS K is received by the receiving 
circuit 908. Please note that the first codeword CW 1 origi 
nally buffered in the storage device 918 will be overwritten by 
the second codeword CW 2; additionally, bits of the second 
codeword CW 2 buffered in the storage device 918 are trans 
mitted to the comparing unit 916 one by one before overwrit 
ten by the incoming bits of the third codeword CW 3. The 
comparing unit 916 is further arranged for comparing bits of 
the second codeword CW 2 (i.e., second bits of the bit 
sequences BS 0-BS K) and bits of the third codeword CW 3 
(i.e., third bits of the bit sequences BS 0-BS K). The com 
parison result will indicate which bit position has the second 
bit flipping due to a transition from the second binary digit 
(e.g., “0”) to the first binary digit (e.g., “1”). The counting unit 
914 is further arranged for counting the number of second bit 
flipping between the second codeword CW 2 and the third 
codeword CW 3. That is, the counting unit 914 generates a 
second counter number N2 by counting the number of second 
bit flipping between second bits and third bits of the bit 
sequences BS 0-BS K, wherein one second bit flipping 
occurs when the second bit and the third bit of one bit 
sequence have the second binary digit (e.g., “0”) and the first 
binary digit (e.g., “1”), respectively. 
0083. After receiving the first counter number N1 and the 
second counter number N2 generated from the counting unit 
914, the control unit 912 determines the readout information 
which can pass the ECC parity check by referring to the first 
counter number N1 and the second counter number N2. For 
example, the control unit 912 determines the shifting direc 
tion DS of the control gate voltage according to the first 
counter number N1 and the second counter number N2. More 
specifically, as can be seen from FIG. 10, the first counter 
number N1 represents the total number of 0s newly identified 
due to shifting the control gate voltage from V7 to V6, and the 
second counter number N2 represents the total number of 1's 
newly identified due to shifting the control gate Voltage from 
V6 to V8. Thus, the value (N2-N1) is representative of a total 
number of 1's resulted from shifting the control gate voltage 
from V7 to V8. In this exemplary embodiment, (N2-N1) is 
greater than N1, implying that the local minimum of the 
threshold voltage distribution corresponding to the electrical 
charge levels L3 and L4 is located on a left side of the initial 
control gate Voltage Vs. Based on Such an observation, the 
control unit 912 decides the shifting direction DS accord 
ingly. 
0084. After the shifting direction DS is determined, the 
control logic 912 determines a new control gate Voltage 
according to the shifting direction DS. When the readout 
information (i.e., a new codeword) obtained from applying 
the new control gate Voltage to the control gate of each of the 
memory cells M 0-M K of the target physical page P 0 
passes the ECC parity check, this implies that the codeword 
processed by the ECC circuit 110 will become error-free. As 
the LSB data is successfully determined by the control unit 
912 which updates the control gate Voltage according to the 
shifting direction DS, the control unit 912 records the cur 
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rently used control gate Voltage as an initial control gate 
voltage to be used by the next LSB read operation performed 
upon the physical page P 0. 
I0085. However, when the readout information (i.e., a new 
codeword) obtained from applying the new control gate Volt 
age to the control gate of each of the memory cells M 0-M K 
of the physical page P 0 fails to pass the ECC parity check, 
this implies that the codeword processed by the ECC circuit 
110 still contains uncorrectable error bits, the control logic 
912 will determine another control gate voltage according to 
the shifting direction DS. Updating the control gate Voltage 
according to the shifting direction DS is not stopped until the 
codeword is error-free or all of the error bits presented in the 
codeword are correctable. Please note that the ECC circuit 
(e.g., a BCH decoder) 100 has error correction capability. 
Therefore, the control unit 912 is not required to exactly shift 
the control gate Voltage to the optimum value V5 according to 
the shifting direction DS. 
I0086. In above exemplary embodiment, the control unit 
912 controls the flash memory 102 to perform the first read 
operation which utilizes the initial control gate Voltage Vs. 
the second read operation which utilizes the lower control 
gate Voltage Vs, and the third read operation which utilizes 
the higher control gate Voltage V,s", sequentially. There 
fore, the initial control gate Voltage Vs, the lower control 
gate Voltage Vs and the higher control gate Voltage Vs." 
are applied to the control gate of each of the memory cells 
M 0-M K, sequentially. However, this is for illustrative pur 
poses only, and is not meant to be a limitation of the present 
invention. 

I0087 Please refer to FIG. 12 in conjunction with FIG. 13. 
FIG. 12 is a diagram illustrating the adjustment made to the 
control gate Voltage used for reading LSB data according to a 
second embodiment of the present invention. FIG. 13 is a 
diagram illustrating the operation of determining a shifting 
direction of the control gate Voltage for finding a better con 
trol gate Voltage used for reading LSB data according to a 
second embodiment of the present invention. The major dif 
ference between the controlgate Voltage adjustment shown in 
FIG. 12 and the control gate Voltage adjustment shown in 
FIG. 10 is that the control unit 912 controls the flash memory 
102 to perform the first read operation which utilizes the 
initial control gate Voltage V, the second read operation 
which utilizes the higher control gate Voltage Vs", and the 
third read operation which utilizes the lower control gate 
Voltage Vs., sequentially. Therefore, the initial control gate 
Voltage Vs. the higher control gate Voltage Vis" and the 
lower control gate Voltage V, are applied to the controlgate 
of each of the memory cells M 0-M K, sequentially. 
I0088 Similarly, when the initial control gate voltage V, 
is set to V7 by the control unit 912 and the flash memory 102 
performs the first read operation upon memory cells M 0 
M. K according to the initial control gate Voltage V, the 
number of errorbits presented in the readout information (i.e., 
a first codeword CW 1 consisted of first bits of the bit 
sequences BS 0-BS K) exceeds the maximum number of 
error bits that can be corrected by the ECC circuit 910. Thus, 
the threshold Voltage distribution tracking mechanism is 
enabled accordingly. Next, the control unit 912 updates the 
initial control gate Voltage V, employed by the first read 
operation by V8 which is higher than V7, and then controls 
the flash memory 102 to perform the second read operation 
upon memory cells M 0-M Kaccording to the updated con 
trol gate Voltage Vs". Thus, a second codeword CW 2 
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consisted of second bits of the bit sequences BS 0-BS K is 
received by the receiving circuit 908. The comparing unit 916 
compares bits of the first codeword CW 1 (i.e., first bits of the 
bit sequences BS 0-BS K) and bits of the second codeword 
CW 2 (i.e., second bits of the bit sequences BS 0-BS K). 
The comparison result will indicate which bit position has the 
first bit flipping due to a transition from a first binary digit 
(e.g., “0”) to a second binary digit (e.g., “1”). The counting 
unit 914 counts the number of first bit flipping between the 
first codeword CW 1 and the second codeword CW 2' to 
thereby obtain a first counter number N1'. Next, the control 
unit 912 updates the current control gate Voltage Vs." 
employed by the second read operation by V6 which is lower 
than V7, and then controls the flash memory 102 to perform 
the third read operation upon memory cells M 0-M K 
according to the updated control gate Voltage Vs. Thus, a 
third codeword CW 3' consisted of third bits of the bit 
sequences BS 0-BS K is received by the receiving circuit 
908. The comparing unit 916 compares bits of the second 
codeword CW 2' (i.e., second bits of the bit sequences BS 0 
BS K) and bits of the third codeword CW 3' (i.e., third bits of 
the bit sequences BS 0-BS K). The comparison result will 
indicate which bit position has the second bit flipping due to 
a transition from the second binary digit (e.g., “1”) to the first 
binary digit (e.g., “0”). The counting unit 914 counts the 
number of second bit flipping between the second codeword 
CW 2 and the third codeword CW 3 to thereby obtain a 
second counter number N2". As can be seen from FIG. 11 and 
FIG. 13, N1'=N2-N1 and N1=N2'-N1'. Thus, after receiving 
the first counter number N1" and the second counter number 
N2 generated from the counting unit 914, the control unit 912 
would determine that the local minimum of the threshold 
Voltage distribution corresponding to the electrical charge 
levels L3 and L4 is located on a left side of the initial control 
gate Voltage Vs. The same objective of deciding the shifting 
direction DS of the control gate voltage is achieved. 
0089. The operation of finding the best control gate volt 
age(s) used for reading the CSB data is detailed as follows. 
Please refer to FIG. 14, which is a diagram illustrating the 
adjustment made to one of the control gate Voltages used for 
reading CSB data according to an embodiment of the present 
invention. As mentioned above, reading CSBs of memory 
cells M 0-M K of the target physical page P 0 requires two 
control gate Voltages Vs and Vs. When the readout 
information of the physical page P 0 fails to pass the ECC 
parity check, it means that the CSBs read from the memory 
cells M 0-M K include uncorrectable error bits. Thus, the 
threshold Voltage distribution tracking mechanism is enabled 
to find better control gate voltage(s) used for reading the CSB 
data. In this exemplary embodiment, one of the control gate 
Voltages Vs and Vs is not adjusted by the control unit 
912, while the other of the control gate Voltages Vs and 
Vs is adjusted by the control unit 912 to find the shifting 
direction of the control gate voltage. As shown in FIG. 14, 
under the condition where the control gate Voltage V's 
remains intact, the control gate Voltage Vs is updated by 
the control unit 912 to find the shifting direction DS2. In one 
exemplary design, the first read operation which utilizes the 
initial control gate Voltage Vs, the second read operation 
which utilizes the lower control gate Voltage Vs", and the 
third read operation which utilizes the higher control gate 
Voltage Vs" are performed upon each of the memory cells 
M 0-M K, sequentially. In an alternative exemplary design, 
the first read operation which utilizes the initial control gate 
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Voltage Vs, the second read operation which utilizes the 
higher control gate Voltage Vs", and the third read opera 
tion which utilizes the lower control gate Voltage Vs are 
performed upon each of the memory cells M 0-M K. 
sequentially. The same objective of determining the shifting 
direction DS2 pointing to the local minimum of the threshold 
Voltage distribution corresponding to the electrical charge 
levels L5 and L6 (i.e., the location where the best control gate 
voltage VT 6' is located) is achieved. As a person skilled in 
the art can readily understand how to determine the shifting 
direction DS2 by counting the first bit flipping between first 
bits and second bits of the bit sequences BS 0-BS K and 
counting the second bit flipping between secondbits and third 
bits of the bit sequences BS 0-BS K after reading above 
paragraphs directed to finding the updated control gate Volt 
age used for reading the LSB data, further description is 
omitted here for brevity. 
0090 When the best location of the control gate voltage 

(i.e., VT 6") has been found by the shifting direction DS2 and 
the ECC corrector 922 still indicates that the readout infor 
mation obtained from using the best control gate Voltage 
VT 6' and the initial control gate Voltage Vs has uncor 
rectable errors, the control unit 912 keeps the best control gate 
Voltage VT 6' intact, and starts updating the control gate 
voltage Vs to find the shifting direction DS1. Please refer 
to FIG. 15, which is a diagram illustrating the adjustment 
made to the other of the control gate Voltages used for reading 
CSB data according to an embodiment of the present inven 
tion. In one exemplary design, the first read operation which 
utilizes the initial control gate Voltage Vs, the second read 
operation which utilizes the lower control gate Voltage 
Vs', and the third read operation which utilizes the higher 
control gate Voltage Vs" are performed upon each of the 
memory cells M 0-M K, sequentially. In an alternative 
exemplary design, the first read operation which utilizes the 
initial control gate Voltage Vs, the second read operation 
which utilizes the higher control gate Voltage Vs", and the 
third read operation which utilizes the lower control gate 
Voltage Vs are performed upon each of the memory cells 
M 0-M K, sequentially. The same objective of determining 
the shifting direction DS1 pointing to the local minimum of 
the threshold voltage distribution corresponding to the elec 
trical charge levels L1 and L2 (i.e., the location where the best 
controlgate Voltage VT 2 is located) is achieved. As a person 
skilled in the art can readily understand how to determine the 
shifting direction DS1 by counting the first bit flipping 
between first bits and second bits of the bit sequences BS 0 
BS K and counting the second bit flipping between second 
bits and third bits of the bit sequences BS 0-BS K after 
reading above paragraphs directed to finding the updated 
control gate voltage used for reading the LSB data, further 
description is omitted here for brevity. Please note that the 
control unit 912 does not stop updating the control gate Volt 
age according to the shifting direction DS1 until the ECC 
circuit 910 indicates that the readout information is error-free 
or the readout information has error bits that are correctable. 

(0091. In above examples shown in FIG. 14 and FIG. 15, 
one of the control gate Voltages Vs and Vs is not 
adjusted by the control unit 912, while the other of the control 
gate Voltages Vs and Vs is adjusted by the control unit 
912 to find one shifting direction DS1/DS2. However, in an 
alternative design, the shifting directions DS1 and DS2 may 
be determined simultaneously. Please refer to FIG. 16 in 
conjunction with FIG. 17. FIG.16 is a diagram illustrating the 
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adjustment made to both control gate Voltages used for read 
ing CSB data according to an embodiment of the present 
invention. FIG. 17 is a diagram illustrating the operation of 
determining shifting directions of the control gate Voltages 
for finding better control gate voltages used for reading CSB 
data according to an embodiment of the present invention. 
When the readout information of the physical page P 0 
derived from using the initial control gate Voltages Vs and 
Vs fails to pass the ECC parity check, it means that the 
CSBs read from the memory cells M 0-M K include uncor 
rectable error bits. Thus, the threshold voltage distribution 
tracking mechanism is enabled to find better control gate 
voltage(s) used for reading the CSB data. As can be seen from 
the exemplary gray code design of the bits assigned to differ 
ent electrical charge levels L0-L7 shown in FIG.3, one of the 
control gate Voltages should be set by a lower Voltage corre 
sponding to a local minimum of the threshold Voltage distri 
bution corresponding to the electrical charge levels L1 and 
L2, and the other of the control gate voltages should be set by 
a higher Voltage corresponding to a local minimum of the 
threshold voltage distribution corresponding to the electrical 
charge levels L5 and L6. To discriminate between changed 
bits resulted from shifting the lower control gate Voltage and 
changed bits resulted from shifting the higher control gate 
Voltage, the adjustment made to the controlgate Voltages used 
for reading the CSB data should be properly configured 
according to the gray code design of the bits assigned to the 
electrical charge levels L1-L2 and L5 and L6. In this exem 
plary embodiment, the control unit 912 controls the flash 
memory 102 to perform the first read operation which utilizes 
two initial control gate Voltages Vs and Vs. the second 
read operation which utilizes one control gate Voltage V's 
lower than the initial control gate Voltage Vs and another 
control gate Voltage Vs' lower than the initial control gate 
Voltage Vs, and the third read operation which utilizes one 
control gate Voltage V's "higher than the initial controlgate 
Voltage Vcs and another control gate Voltage Vcs" higher 
than the initial control gate Voltage Vs. Sequentially. 
0092. The comparing unit 916 compares the first bits and 
the second bits of the bit sequences BS 0-BS K, wherein a 
first codeword CW 11 consisted of the first bits of the bit 
sequences BS 0-BS K is obtained by the first read operation, 
and a second codeword CW 21 consisted of the second bits 
of the bit sequences BS 0-BS Kisare obtained by the second 
read operation. The comparison result will indicate which bit 
position has one first bit flipping due to a transition from a first 
binary digit (e.g., '1') to a second binary digit (e.g., “0”), and 
further indicate which bit position has one second bit flipping 
due to a transition from the second binary digit (e.g., “0”) to 
the first binary digit (e.g., “1”). Please note that, in this exem 
plary embodiment, the first bit flipping is resulted from shift 
ing the control gate Voltage from Vcs to Vcs', and the 
second bit flipping is resulted from shifting the control gate 
Voltage from Vs to Vs. The counting unit 914 counts 
the number of first bit flipping between the first codeword 
CW11 and the second codeword CW 21, and also counts 
the number of second bit flipping between the first codeword 
CW11 and the second codeword CW 21. That is, the count 
ing unit 914 generates a first counter number N1 by counting 
the number of first bit flipping between first bits and second 
bits of the bit sequences BS 0-BS K, and generates a second 
counter number N2 by counting the number of second bit 
flipping between first bits and second bits of the bit sequences 
BS 0-BS K, wherein one first bit flipping occurs when the 
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first bit and the second bit of one bit sequence have the first 
binary digit (e.g., “1”) and the second binary digit (e.g., “0”), 
respectively, and one second bit flipping occurs when the first 
bit and the second bit of one bit sequence have the second 
binary digit (e.g., “0”) and the first binary digit (e.g., “1”), 
respectively. 
0093. Besides, the comparing unit 916 compares the sec 
ond bits and the third bits of the bit sequences BS 0-BS K, 
wherein a third codeword CW 31 consisted of the third bits 
of the bit sequences BS 0-BS K is obtained by the third read 
operation. The comparison result will indicate which bit posi 
tion has one third bit flipping due to a transition from the 
second binary digit (e.g., “0”) to the first binary digit (e.g., 
“1”), and further indicate which bit position has one fourth bit 
flipping due to a transition from the first binary digit (e.g., 
“1”) to the second binary digit (e.g., “0”). Please note that, in 
this exemplary embodiment, the third bit flipping is resulted 
from shifting the control gate Voltage from Vis' to Vs". 
and the fourth bit flipping is resulted from shifting the control 
gate Voltage from Vis' to Vs". The counting unit 914 
counts the number of third bit flipping between the second 
codeword CW 21 and the third codeword CW 31, and also 
counts the number of fourth bit flipping between the second 
codeword CW 21 and the third codeword CW 31. That is, 
the counting unit 914 generates a third counter number N3 by 
counting the number of third bit flipping between second bits 
and third bits of the bit sequences BS 0-BS K, and generates 
a fourth counter number N4 by counting the number of fourth 
bit flipping between second bits and third bits of the bit 
sequences BS 0-BS K, wherein one third bit flipping occurs 
when the second bit and the third bit of one bit sequence have 
the second binary digit (e.g., “0”) and the first binary digit 
(e.g., “1”), respectively, and one fourth bit flipping occurs 
when the second bit and the third bit of one bit sequence have 
the first binary digit (e.g., “1”) and the second binary digit 
(e.g., “0”), respectively. 
0094. After receiving the first counter number N1, the 
second counter number N2, the third counter number N3, and 
the fourth counter number N4 generated from the counting 
unit 914, the control unit 912 is capable of determining the 
shifting direction DS1 of one control gate Voltage according 
to the first and third counter numbers N1 and N3, and deter 
mining the shifting direction DS2 of the other control gate 
Voltage according to the second and fourth counter numbers 
N2 and N4. More specifically, the first counter number N1 
represents the total number of 0s newly identified due to 
shifting the control gate Voltage from Vcs to Vcs', the 
second counter number N2 represents the total number of 1's 
newly identified due to shifting the control gate Voltage from 
Vs to Vs. Thus, the value (N3-N1) is representative of 
a total number of newly identified 1's resulted from shifting 
the control gate Voltage from Vcs to Vcs", and the value 
(N4-N2) is representative of a total number of newly identi 
fied 0's resulted from shifting the control gate voltage from 
Vs to Vs". In this exemplary embodiment, (N3-N1) is 
greater than N1 and (N4-N2) is greater than N2, this implies 
that the local minimum of the threshold voltage distribution 
corresponding to the electrical charge levels L1 and L2 is 
located on a left side of the initial control gate Voltage Vs. 
and the local minimum of the threshold voltage distribution 
corresponding to the electrical charge levels L5 and L6 is 
located on a left side of the initial control gate Voltage Vs. 
Based on such an observation, the control unit 912 decides the 
shifting directions DS1 and DS2 simultaneously. Next, based 



US 2012/O 140560 A1 

on one or both of the shifting directions DS1 and DS2, the 
control unit 912 updates one or both of the control gate 
Voltages to make the flash memory 102 generate readout 
information (i.e., CSBs) capable of passing the ECC parity 
check. As a person skilled in the art can readily understand the 
related operation after reading above paragraphs, further 
description is omitted here fore brevity. 
0095. In above exemplary embodiment, the control unit 
912 controls the flash memory 102 to perform the first read 
operation which utilizes the initial control gate Voltages 
Vs and Vs., the Second read operation which utilizes the 
control gate Voltages Vcs' and Vcs', and the third read 
operation which utilizes the control gate Voltages Vs" and 
Vs", sequentially. However, this is for illustrative pur 
poses only, and is not meant to be a limitation of the present 
invention. In an alternative design, the control unit 912 is 
allowed to control the flash memory 102 to perform the first 
read operation which utilizes the initial control gate Voltages 
Vcs and Vcs, the Second read operation which utilizes the 
control gate Voltages Vs" and Vs", and the third read 
operation which utilizes the control gate Voltages Vs' and 
Vs, sequentially. The same objective of determining the 
shifting directions DS1 and DS2 in a parallel processing 
manner is achieved. As a person skilled in the art can readily 
understand details of Such an alternative design of determin 
ing shifting directions DS1 and DS2 after reading above 
paragraphs directed to the example of determining the shift 
ing direction DS as shown in FIG. 12 and FIG. 13, further 
description is omitted here for brevity. 
0096 Regarding the case of reading MSBs of the memory 
cells M 0-M K of the target physical page P 0, it is similar to 
the case of reading CSBs of the memory cells M 0-M Kas 
mentioned above. The major difference is that each read 
operation for reading the MSBs requires four control gate 
Voltages rather than two control gate Voltages. As mentioned 
above, reading MSBs of memory cells M 0-M K of the 
target physical page P 0 requires four control gate Voltages 
Vasa, Vasa, Vasas, and Vasa. When the readout infor 
mation of the physical page P 0 fails to pass the ECC parity 
check, it means that the MSBs read from the memory cells 
M 0-M Kinclude uncorrectable errorbits. Thus, the thresh 
old Voltage distribution tracking mechanism is enabled to find 
better control gate voltage(s) used for reading the MSB data. 
In one exemplary embodiment, one of the control gate Volt 
ages Vs-Vs is adjusted by the control unit 912 to find 
the shifting direction of one control gate Voltage, while the 
remaining Voltages of the control gate Voltages Vasai-Visa 
are not adjusted by the control unit 912. Please refer to FIG. 
18, which is a diagram illustrating the adjustment made to one 
of the control gate voltages used for reading MSB data 
according to an embodiment of the present invention. As 
shown in FIG. 18, under the condition where the control gate 
Voltages Vasai-Vass remain intact, the control gate Voltage 
Vasa is updated by the control unit 912 to Vasa and 
V" for finding the shifting direction DS4. When the best 
location of the control gate voltage (i.e., VT 7") has been 
found by the shifting direction DS4 and the ECC corrector 
922 still indicates that the readout information obtained from 
using the best control gate voltage VT 7" and the initial con 
trol gate Voltage Vasai-Vasa has uncorrectable errors, the 
control unit 912 keeps the best control gate voltage VT 7 
intact, and starts updating one of the control gate Voltages 
Vis-Vass to find another shifting direction. 
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(0097. Please refer to FIG. 19, which is a diagram illustrat 
ing the adjustment made to another of the control gate Volt 
ages used for reading MSB data according to an embodiment 
of the present invention. As shown in FIG. 19, under the 
condition where the control gate Voltages Vasai-Vis and 
VT 7" remain intact, the control gate Voltage Vs is 
updated by the control unit 912 to Vs' and Vs" for 
finding the shifting direction DS3. When the best location of 
the control gate voltage (i.e., VT 5) has been found by the 
shifting direction DS3 and the ECC corrector 922 still indi 
cates that the readout information obtained from using the 
best control gate voltages VT 7", VT 5' and the initial control 
gate Voltage Vs, VAs has uncorrectable errors, the con 
trol unit 912 keeps the best control gate voltages VT 7" and 
VT 5' intact, and starts updating one of the control gate 
Voltages Vs and Vs to find another shifting direction. 
(0098 Please refer to FIG. 20, which is a diagram illustrat 
ing the adjustment made to yet another of the control gate 
Voltages used for reading MSB data according to an embodi 
ment of the present invention. As shown in FIG. 20, under the 
condition where the control gate Voltages V, VT 5', and 
VT 7" remain intact, the control gate Voltage Vs is 
updated by the control unit 912 to Vs' and Vs" for 
finding the shifting direction DS2. When the best location of 
the control gate voltage (i.e., VT 3') has been found by the 
shifting direction DS2 and the ECC corrector 922 still indi 
cates that the readout information obtained from using the 
best controlgate voltages VT 7", VT 5', VT 3' and the initial 
control gate Voltage Vs has uncorrectable errors, the con 
trol unit 912 keeps the best control gate voltages VT 7", 
VT 5', and VT 3' intact, and starts updating the last one 
control gate Voltage Vs to find another shifting direction. 
(0099 Please refer to FIG. 21, which is a diagram illustrat 
ing the adjustment made to a remaining one of the control gate 
Voltages used for reading MSB data according to an embodi 
ment of the present invention. As shown in FIG. 21, under the 
condition where the control gate voltages VT 3, VT 5', and 
VT 7" remain intact, the control gate Voltage Vs is 
updated by the control unit 912 to Vs' and Vs" for 
finding the shifting direction DS1. After the shifting direction 
DS1 is determined, the control unit 912 does not stop updat 
ing the control gate Voltage according to the shifting direction 
DS1 until the ECC circuit 910 indicates that the readout 
information is error-free or the readout information has error 
bits that are correctable. 

0100. As a person skilled in the art can readily understand 
detailed operations of determining the shifting direction DS4/ 
DS3/DS2/DS1 and finding an updated control gate voltage 
according to the determined shifting direction DS4/DS3/ 
DS2/DS1 after reading above paragraphs pertinent to the 
examples shown in FIG. 14 and FIG. 15, further description is 
omitted here for brevity. 
0101. In above examples shown in FIGS. 18-21, one of the 
four control gate voltages is adjusted by the control unit 912 
for finding a single shifting direction DS4/DS3/DS2/DS1, 
while the remaining Voltages of the four control gate Voltages 
remain intact. However, in an alternative, multiple shifting 
directions may be determined simultaneously. Please refer to 
FIG. 22, which is a diagram illustrating the adjustment made 
to two of the control gate voltages used for reading MSB data 
according to an embodiment of the present invention. In 
general, the shifting probability of the threshold voltage dis 
tribution corresponding to the upper electrical charge levels 
L4-L7 is greater than that of the threshold voltage distribution 
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corresponding to the lower electrical charge levels L0-L3. 
Thus, in the beginning, the control gate Voltages Vs and 
Vs are not adjusted by the control unit 912, and the control 
gate Voltages Vass and Vasa are adjusted by the control 
unit 912 to find the shifting directions DS3 and DS4 in a 
parallel processing manner. Similarly, to discriminate 
between changed bits resulted from shifting the lower control 
gate Voltage Vs and changed bits resulted from shifting 
the higher controlgate Voltage Vasa, the adjustment made to 
the two control gate Voltages Vs and Vs should be 
properly configured according to the gray code design of the 
bits assigned to the electrical charge levels L4-L7. In one 
exemplary design, the initial control gate Voltage Vs is 
changed to Vass' and then changed to Vass", and the initial 
control gate Voltage Vasa is changed to Vasa and then 
changed to Vs". In another exemplary design, the initial 
control gate Voltage Vs is changed to Vass" and then 
changed to Vass', and the initial control gate Voltage Vasa 
is changed to Visa" and then changed to Vs. The same 
objective of determining the shifting directions DS3 and DS4 
simultaneously is achieved. 
0102. When the best locations of the control gate voltages 

(i.e., VT 5' and VT 7") have been found by the shifting direc 
tions DS3 and DS4, and the ECC corrector 922 still indicates 
that the readout information obtained from using the best 
control gate voltages VT 7", VT 5' and the initial control gate 
Voltages Vs and Vasa has uncorrectable errors, the con 
trol unit 912 keeps the best control gate voltages VT 7" and 
VT 5' intact, and starts updating the remaining two control 
gate Voltages Vs and Vs to find other shifting direc 
tions DS1 and DS2 in a parallel processing manner. 
0103 Please refer to FIG. 23, which is a diagram illustrat 
ing the adjustment made to the other two of the control gate 
Voltages used for reading MSB data according to an embodi 
ment of the present invention. The best control gate Voltages 
VT 5' and VT 7" remain intact, and the control gate voltages 
Vs and Vs are adjusted by the control unit 912 to find 
the shifting directions DS1 and DS2. Similarly, to discrimi 
nate between changed bits resulted from shifting the lower 
control gate Voltage Vs and changed bits resulted from 
shifting the higher control gate Voltage Vs. the adjustment 
made to the two control gate Voltages Vs and Vs. 
should be properly configured according to the gray code 
design of the bits assigned to the electrical charge levels 
L0-L3. In one exemplary design, the initial control gate Volt 
age Vses is changed to Vasai' and then changed to Vasa", 
and the initial control gate Voltage Vs is changed to Vas' 
and then changed to Vs". In another exemplary design, the 
initial control gate Voltage Vs is changed to Vas" and 
then changed to Vas", and the initial control gate Voltage 
Vasa is changed to Vasa" and then changed to Vse'. The 
same objective of determining the shifting directions DS1 and 
DS2 simultaneously is achieved. 
0104. As a person skilled in the art can readily understand 
detailed operations of determining multiple shifting direction 
DS4 and DS3 (DS2 and DS1) and finding updated control 
gate Voltages according to the determined shifting directions 
DS4 and DS3 (DS2 and DS1) after reading above paragraphs 
pertinent to the examples shown in FIG. 16 and FIG. 17. 
further description is omitted here for brevity. 
0105 Those skilled in the art will readily observe that 
numerous modifications and alterations of the device and 
method may be made while retaining the teachings of the 
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invention. Accordingly, the above disclosure should be con 
strued as limited only by the metes and bounds of the 
appended claims. 

What is claimed is: 
1. A method for reading data stored in a flash memory, 

comprising: 
controlling the flash memory to perform a plurality of read 

operations upon each of a plurality of memory cells 
included in the flash memory; 

obtaining a plurality of bit sequences read from the 
memory cells, respectively, wherein the read operations 
read bits of a predetermined bit order from each of the 
memory cells as one of the bit sequences by utilizing 
different control gate Voltage settings; and 

determining readout information of the memory cells 
according to binary digit distribution characteristics of 
the bit sequences. 

2. The method of claim 1, wherein the step of determining 
the readout information of the memory cells comprises: 

identifying a specific bit sequence of at least one specific 
memory cell of the memory cells, wherein each specific 
bit sequence has different binary digits included therein; 
and 

determining an updated bit sequence of the at least one 
specific memory cell according to at least the specific bit 
Sequence. 

3. The method of claim 2, wherein the step of determining 
the updated bit sequence of the at least one specific memory 
cell comprises: 
mapping the specific bit sequence to the updated bit 

sequence of the at least one specific memory cell. 
4. The method of claim 3, wherein the step of identifying 

the specific bit sequence of the at least one specific memory 
cell comprises: 

identifying a plurality of specific bit sequences of a plural 
ity of specific memory cells, respectively; and 

the step of mapping the specific bit sequence to the updated 
bit sequence comprises: 

determining a mapping rule according to the specific bit 
sequences; and 

mapping the specific bit sequences to a plurality of updated 
bit sequences according to the mapping rule, respec 
tively. 

5. The method of claim 2, wherein each of the read opera 
tions utilizes only one controlgate Voltage applied to a control 
gate of each of the memory cells, and the control gate Voltage 
utilized by one of the read operations is different from the 
controlgate Voltage utilized by another of the read operations. 

6. The method of claim 2, wherein each of the read opera 
tions utilizes more than one control gate Voltage applied to a 
controlgate of each of the memory cells, controlgate Voltages 
utilized by one of the read operations are different from 
control gate Voltages utilized by another of the read opera 
tions, and the step of identifying the specific bit sequence of 
the at least one specific memory cell comprises: 

identifying the specific bit sequence of the at least one 
specific memory cell according to identified bit(s) of the 
at least one specific memory cell and a binary digit 
distribution characteristic of the specific bit sequence. 

7. The method of claim 2, wherein the read operations 
include first read operations and second read operations each 
utilizing two control gate Voltages applied to a control gate of 
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each of the memory cells; and the step of controlling the flash 
memory to perform the read operations upon each of the 
memory cells comprises: 

controlling the flash memory to perform the first read 
operations upon each of the memory cell, wherein con 
trol gate voltages utilized by one of the first read opera 
tions are different from control gate voltages utilized by 
another of the first read operations, one of the two con 
trol gate Voltages utilized in each of the first read opera 
tions is set according to a first Voltage adjusting order, 
and the other of the two control gate voltages utilized in 
each of the first read operations is set according to a 
second Voltage adjusting order that is different from the 
first Voltage adjusting order; and 

controlling the flash memory to perform the second read 
operations on each of the memory cell, wherein control 
gate Voltages utilized by one of the second read opera 
tions are different from control gate voltages utilized by 
another of the second read operations, one of the two 
control gate Voltages utilized in each of the second read 
operations is set according to the first Voltage adjusting 
order, and the other of the two control gate Voltages 
utilized in each of the second read operations is set 
according to the first Voltage adjusting order, and 

the step of identifying the specific bit sequence of the at 
least one specific memory cell comprises: 
identifying the specific bit sequence according to a first 

bit sequence read from the at least one specific 
memory cell by the first read operations and a second 
bit sequence read from the at least one specific 
memory cell by the second read operations. 

8. The method of claim 1, wherein the read operations 
include a first read operation, a second read operation, and a 
third read operation which utilize a first control gate Voltage, 
a second controlgate Voltage, and a third control gate Voltage, 
respectively; the first control gate voltage is between the 
second control gate Voltage and the third control gate Voltage; 
the step of controlling the flash memory to perform the read 
operations upon each of the memory cells comprises: 

controlling the flash memory to perform the first read 
operation, the second read operation, and the third read 
operation, sequentially, wherein each of the bit 
sequences includes a first bit readby the first read opera 
tion, a second bit read by the second read operation, and 
a third bit read by the third read operation; and 

the step of determining the readout information of the 
memory cells comprises: 

comparing the first bit and the second bit in each of the bit 
Sequences: 

comparing the second bit and the third bit in each of the bit 
Sequences: 

counting a number of first bit flipping between first bits and 
second bits of the bit sequences, wherein one first bit 
flipping occurs when the first bit and the second bit of 
one bit sequence have a first binary digit and a second 
binary digit different from the first binary digit, respec 
tively; 

counting a number of second bit flipping between second 
bits and third bits of the bit sequences, wherein one 
second bit flipping occurs when the second bit and the 
third bit of one bit sequence have the second binary digit 
and the first binary digit, respectively; and 
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determining the readout information according to the num 
ber of first bit flipping and the number of second bit 
flipping. 

9. The method of claim 8, wherein the step of determining 
the readout information according to the number of first bit 
flipping and the number of second bit flipping comprises: 

determining a shifting direction of a control gate Voltage 
according to the number of first bit flipping and the 
number of second bit flipping; 

determining a fourth control gate Voltage according to the 
shifting direction; and 

controlling the flash memory to perform a fourth read 
operation upon each of the memory cells for obtaining 
the readout information, wherein the fourth read opera 
tion utilizes the fourth control gate Voltage. 

10. The method of claim 1, wherein the read operations 
include a first read operation, a second read operation, and a 
third read operation; the first read operation utilizes a plural 
ity of control gate Voltages including a first control gate 
Voltage; the second read operation utilizes a plurality of con 
trol gate Voltages including a second control gate Voltage; the 
third read operation utilizes a plurality of control gate volt 
ages including a third control gate Voltage; the first control 
gate Voltage is between the second control gate Voltage and 
the third control gate Voltage; the step of controlling the flash 
memory to perform the read operations upon each of the 
memory cells comprises: 

controlling the flash memory to perform the first read 
operation, the second read operation, and the third read 
operation, sequentially, wherein each of the bit 
sequences includes a first bit readby the first read opera 
tion, a second bit read by the second read operation, and 
a third bit read by the third read operation; and 

the step of determining the readout information of the 
memory cells comprises: 
comparing the first bit and the second bit in each of the 

bit sequences; 
comparing the second bit and the third bit in each of the 

bit sequences; 
counting a number of first bit flipping between first bits 

and second bits of the bit sequences, wherein one first 
bit flipping occurs when the first bit and the second bit 
of one bit sequence have a first binary digit and a 
second binary digit different from the first binary 
digit, respectively; 

counting a number of second bit flipping between sec 
ond bits and third bits of the bit sequences, wherein 
one second bit flipping occurs when the second bit 
and the third bit of one bit sequence have the second 
binary digit and the first binary digit, respectively; and 

determining the readout information according to the 
number of first bit flipping and the number of second 
bit flipping. 

11. The method of claim 10, wherein the step of determin 
ing the readout information according to the number of first 
bit flipping and the number of second bit flipping comprises: 

determining a shifting direction of a control gate Voltage 
according to the number of first bit flipping and the 
number of second bit flipping; 

determining a fourth control gate Voltage according to the 
shifting direction; and 

controlling the flash memory to perform a fourth read 
operation upon each of the memory cells for obtaining 
the readout information, wherein the fourth read opera 
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tion utilizes a plurality of control gate Voltages including 
the fourth control gate Voltage. 

12. The method of claim 1, wherein the read operations 
include a first read operation, a second read operation, and a 
third read operation; the first read operation utilizes a plural 
ity of control gate Voltages including a first control gate 
Voltage and a second control gate Voltage; the second read 
operation utilizes a plurality of control gate Voltages includ 
ing a third control gate Voltage and a fourth control gate 
voltage; the third read operation utilizes a plurality of control 
gate Voltages including a fifth control gate Voltage and a sixth 
control gate Voltage; the first control gate Voltage is between 
the third control gate voltage and the fifth control gate volt 
age; the second control gate Voltage is between the fourth 
control gate Voltage and the sixth control gate Voltage; the 
step of controlling the flash memory to perform the read 
operations upon each of the memory cells comprises: 

controlling the flash memory to perform the first read 
operation, the second read operation, and the third read 
operation, sequentially, wherein each of the bit 
sequences includes a first bit readby the first read opera 
tion, a second bit read by the second read operation, and 
a third bit read by the third read operation; and 

the step of determining the readout information of the 
memory cells comprises: 
comparing the first bit and the second bit in each of the 

bit sequences; 
comparing the second bit and the third bit in each of the 

bit sequences; 
counting a number of first bit flipping between first bits 

and second bits of the bit sequences, wherein one first 
bit flipping occurs when the first bit and the second bit 
of one bit sequence have a first binary digit and a 
second binary digit different from the first binary 
digit, respectively; 

counting a number of second bit flipping between first 
bits and second bits of the bit sequences, wherein one 
second bit flipping occurs when the first bit and the 
second bit of one bit sequence have the second binary 
digit and the first binary digit, respectively; 

counting a number of third bit flipping between second 
bits and third bits of the bit sequences, wherein one 
third bit flipping occurs when the second bit and the 
third bit of one bit sequence have the second binary 
digit and the first binary digit, respectively; 

counting a number of fourth bit flipping between second 
bits and third bits of the bit sequences, wherein one 
fourth bit flipping occurs when the second bit and the 
third bit of one bit sequence have the first binary digit 
and the second binary digit, respectively; 

determining the readout information according to the 
number of first bit flipping, the number of second bit 
flipping, the number of third bit flipping, and the 
number of fourth bit flipping. 

13. The method of claim 12, wherein the step of determin 
ing the readout information according to the number of first 
bit flipping, the number of second bit flipping, the number of 
third bit flipping, and the number of fourth bit flipping com 
prises: 

determining a first shifting direction of one control gate 
Voltage according to the number of first bit flipping and 
the number of third bit flipping: 
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determining a second shifting direction of another control 
gate Voltage according to the number of second bit flip 
ping and the number of fourth bit flipping; 

determining a seventh control gate Voltage according to the 
first shifting direction; 

determining an eighth control gate Voltage according to the 
second shifting direction; and 

controlling the flash memory to perform a fourth read 
operation upon each of the memory cells for obtaining 
the readout information, wherein the fourth read opera 
tion utilizes a plurality of controlgate Voltages including 
the seventh control gate Voltage and the eighth control 
gate Voltage. 

14. A memory controller for reading data stored in a flash 
memory, comprising: 

a receiving circuit, arranged for obtaining a plurality of bit 
sequences read from a plurality of memory cells 
included in the flash memory, respectively; and 

a control logic, coupled to the receiving circuit, the control 
logic arranged for controlling the flash memory to per 
form a plurality of read operations upon each of the 
memory cells, and determining readout information of 
the memory cells according to binary digit distribution 
characteristics of the bit sequences, wherein the read 
operations read bits of a predetermined bit order from 
each of the memory cells as one of the bit sequences by 
utilizing different control gate Voltage settings. 

15. The memory controller of claim 14, wherein the control 
logic comprises: 

an identifying unit, arranged for identifying a specific bit 
sequence of at least one specific memory cell, wherein 
each specific bit sequence has different binary digits 
included therein; and 

a determining unit, coupled to the identifying unit, the 
determining unit arranged for determining an updated 
bit sequence of the at least one specific memory cell 
according to at least the specific bit sequence. 

16. The memory controller of claim 15, wherein the deter 
mining unit determines the updated bit sequence of the at least 
one specific memory cell by mapping the specific bit 
sequence to the updated bit sequence. 

17. The memory controller of claim 16, wherein the iden 
tifying unit identifies a plurality of specific bit sequences of a 
plurality of specific memory cells, respectively; and the deter 
mining unit determines a mapping rule according to the spe 
cific bit sequences, and maps the specific bit sequences to a 
plurality of updated bit sequences according to the mapping 
rule, respectively. 

18. The memory controller of claim 15, wherein each of the 
read operations utilizes only one control gate Voltage applied 
to a control gate of each of the memory cells, and the control 
gate voltage utilized by one of the read operations is different 
from the control gate voltage utilized by another of the read 
operations. 

19. The memory controller of claim 15, wherein each of the 
read operations utilizes more than one control gate Voltage 
applied to a control gate of each of the memory cells, control 
gate Voltages utilized by one of the read operations are dif 
ferent from control gate voltages utilized by another of the 
read operations, and the identifying unit identifies the specific 
bit sequence of the at least one specific memory cell accord 
ing to identified bit(s) of the at least one specific memory cell 
and a binary digit distribution characteristic of the specific bit 
Sequence. 
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20. The memory controller of claim 15, wherein the read 
operations include first read operations and second read 
operations each utilizing two control gate Voltages applied to 
a control gate of each of the memory cells; the control logic 
further comprises: 

a control unit, arranged for controlling the flash memory to 
perform the first read operations upon each of the 
memory cell and controlling the flash memory to per 
form the second read operations on each of the memory 
cell, wherein control gate voltages utilized by one of the 
first read operations are different from control gate volt 
ages utilized by another of the first read operations, one 
of the two control gate voltages utilized in each of the 
first read operations is set according to a first Voltage 
adjusting order, the other of the two controlgate Voltages 
utilized in each of the first read operations is set accord 
ing to a second Voltage adjusting order that is different 
from the first voltage adjusting order, control gate Volt 
ages utilized by one of the second read operations are 
different from control gate voltages utilized by another 
of the second read operations, one of the two controlgate 
Voltages utilized in each of the second read operations is 
set according to the first Voltage adjusting order, and the 
other of the two control gate voltages utilized in each of 
the second read operations is set according to the first 
Voltage adjusting order, and 

the identifying unit identifies the specific bit sequence 
according to a first bit sequence read from the at least one 
specific memory cell by the first read operations and a second 
bit sequence read from the at least one specific memory cell 
by the second read operations. 

21. The memory controller of claim 14, wherein the read 
operations include a first read operation, a second read opera 
tion, and a third read operation which utilize a first control 
gate Voltage, a second control gate Voltage, and a third control 
gate Voltage, respectively; the first control gate Voltage is 
between the second control gate Voltage and the third control 
gate Voltage; the control logic comprises: 

a control unit, arranged for controlling the flash memory to 
perform the first read operation, the second read opera 
tion, and the third read operation, sequentially, and 
determining the readout information according to a 
number of first bit flipping and a number of second bit 
flipping, wherein each of the bit sequences obtained by 
the receiving circuit includes a first bit read by the first 
read operation, a second bit read by the second read 
operation, and a third bit read by the third read operation; 

a comparing unit, arranged for comparing the first bit and 
the second bit in each of the bit sequences, and compar 
ing the second bit and the third bit in each of the bit 
Sequences: 

a counting unit, coupled to the comparing unit and the 
control unit, the counting unit arranged for counting the 
number of first bit flipping between first bits and second 
bits of the bit sequences and counting the number of 
second bit flipping between second bits and third bits of 
the bit sequences, wherein one first bit flipping occurs 
when the first bit and the second bit of one bit sequence 
have a first binary digit and a second binary digit differ 
ent from the first binary digit, respectively, and one 
second bit flipping occurs when the second bit and the 
third bit of one bit sequence have the second binary digit 
and the first binary digit, respectively. 
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22. The memory controller of claim 21, wherein the control 
unit determines a shifting direction of a control gate Voltage 
according to the number of first bit flipping and the number of 
second bit flipping, determines a fourth control gate Voltage 
according to the shifting direction, and controls the flash 
memory to perform a fourth read operation upon each of the 
memory cells for obtaining the readout information, where 
the fourth read operation utilizes the fourth control gate volt 
age. 

23. The memory controller of claim 14, wherein the read 
operations include a first read operation, a second read opera 
tion, and a third read operation; the first read operation uti 
lizes a plurality of control gate Voltages including a first 
control gate Voltage; the second read operation utilizes a 
plurality of control gate Voltages including a second control 
gate Voltage; the third read operation utilizes a plurality of 
control gate Voltages including a third control gate Voltage; 
the first control gate Voltage is between the second control 
gate Voltage and the third control gate Voltage; the control 
logic comprises: 

a control unit, arranged for controlling the flash memory to 
perform the first read operation, the second read opera 
tion, and the third read operation, sequentially, and 
determining the readout information according to a 
number of first bit flipping and a number of second bit 
flipping, wherein each of the bit sequences includes a 
first bit read by the first read operation, a second bit read 
by the second read operation, and a third bit read by the 
third read operation; 

a comparing unit, arranged for comparing the first bit and 
the second bit in each of the bit sequences, and compar 
ing the second bit and the third bit in each of the bit 
sequences; and 

a counting unit, coupled to the comparing unit and the 
control unit, the counting unit arranged for counting the 
number of first bit flipping between first bits and second 
bits of the bit sequences, and counting the number of 
second bit flipping between second bits and third bits of 
the bit sequences, wherein one first bit flipping occurs 
when the first bit and the second bit of one bit sequence 
have a first binary digit and a second binary digit differ 
ent from the first binary digit, respectively, and one 
second bit flipping occurs when the second bit and the 
third bit of one bit sequence have the second binary digit 
and the first binary digit, respectively. 

24. The memory controller of claim 23, wherein the control 
unit determines a shifting direction of a control gate Voltage 
according to the number of first bit flipping and the number of 
second bit flipping, determines a fourth control gate Voltage 
according to the shifting direction, and controls the flash 
memory to perform a fourth read operation upon each of the 
memory cells for obtaining the readout information, where 
the fourth read operation utilizes a plurality of control gate 
Voltages including the fourth control gate Voltage. 

25. The memory controller of claim 14, wherein the read 
operations include a first read operation, a second read opera 
tion, and a third read operation; the first read operation uti 
lizes a plurality of control gate Voltages including a first 
control gate Voltage and a second control gate Voltage; the 
second read operation utilizes a plurality of control gate Volt 
ages including a third controlgate Voltage and a fourth control 
gate Voltage; the third read operation utilizes a plurality of 
controlgate Voltages including a fifth control gate Voltage and 
a sixth control gate Voltage; the first control gate Voltage is 
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between the third control gate voltage and the fifth control 
gate Voltage; the second control gate Voltage is between the 
fourth control gate Voltage and the sixth control gate Voltage; 
and the control logic comprises: 

a control unit, arranged for controlling the flash memory to 
perform the first read operation, the second read opera 
tion, and the third read operation, sequentially, and 
determining the readout information according to a 
number of first bit flipping, a number of second bit 
flipping, a number of third bit flipping, and a number of 
fourth bit flipping, wherein each of the bit sequences 
includes a first bit read by the first read operation, a 
second bit read by the second read operation, and a third 
bit read by the third read operation; 

a comparing unit, arranged for comparing the first bit and 
the second bit in each of the bit sequences, and compar 
ing the second bit and the third bit in each of the bit 
sequences; and 

a counting unit, coupled to the comparing unit and the 
control unit, the counting unit arranged for counting the 
number of first bit flipping between first bits and second 
bits of the bit sequences, counting the number of second 
bit flipping between first bits and second bits of the bit 
sequences, counting the number of third bit flipping 
between second bits and third bits of the bit sequences, 
and counting the number of fourth bit flipping between 
second bits and third bits of the bit sequences, wherein 
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one first bit flipping occurs when the first bit and the 
second bit of one bit sequence have a first binary digit 
and a second binary digit different from the first binary 
digit, respectively; one second bit flipping occurs when 
the first bit and the second bit of one bit sequence have 
the second binary digit and the first binary digit, respec 
tively; one third bit flipping occurs when the second bit 
and the third bit of one bit sequence have the second 
binary digit and the first binary digit, respectively; and 
one fourth bit flipping occurs when the second bit and 
the third bit of one bit sequence have the first binary digit 
and the second binary digit, respectively. 

26. The memory controller of claim 25, wherein the control 
unit determines a first shifting direction of one control gate 
Voltage according to the number of first bit flipping and the 
number of third bit flipping, determines a second shifting 
direction of another control gate Voltage according to the 
number of second bit flipping and the number of fourth bit 
flipping, determines a seventh control gate Voltage according 
to the first shifting direction, determines an eighth control 
gate Voltage according to the second shifting direction, and 
controls the flash memory to perform a fourth read operation 
upon each of the memory cells for obtaining the readout 
information, where the fourth read operation utilizes a plu 
rality of control gate Voltages including the seventh control 
gate Voltage and the eighth control gate Voltage. 
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